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weak gravity conjecture (WGC)

A U(1) gauge theory consistently coupled to 
gravity requires a charged state with

 “Gravity is the weakest force.”

paraphrased by the slogan

Arkani-Hamed, Motl, Nicolis, Vafa (2006)
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The WGC is natural in QFT.  For example,

in gauge theory with SU(2) → U(1) breaking.

circumstantial evidence #1

The WGC is automatically satisfied in many 
examples in string theory.

(mW = gv)
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circumstantial evidence #2

Exact global symmetries are suspect due to 
black hole no-hair theorems.

Without the WGC, the           limit induces 
an exact global symmetry.

The WGC obstructs the global limit by 
placing a lower bound on   .q
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<latexit sha1_base64="IN3+Zu+vF6Yw2noJfe99BPmcFKU=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGC/YA2ls120y7dZOPuxFJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8Hodua3nrg2QsX3OEm4H9FBLELBKFrp4bGrxWCIVGs1Jm6vVHYr7hxklXg5KUOOeq/01e0rlkY8RiapMR3PTdDPqEbBJJ8Wu6nhCWUjOuAdS2MaceNn86un5NwqfRIqbStGMld/T2Q0MmYSBbYzojg0y95M/M/rpBje+JmIkxR5zBaLwlQSVGQWAekLzRnKiSWUaWFvJWxINWVogyraELzll1dJ87LiuRXv7qpcreVxFOAUzuACPLiGKtSgDg1goOEZXuHNGTsvzrvzsWhdc/KZE/gD5/MHZ0CScg==</latexit><latexit sha1_base64="IN3+Zu+vF6Yw2noJfe99BPmcFKU=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGC/YA2ls120y7dZOPuxFJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8Hodua3nrg2QsX3OEm4H9FBLELBKFrp4bGrxWCIVGs1Jm6vVHYr7hxklXg5KUOOeq/01e0rlkY8RiapMR3PTdDPqEbBJJ8Wu6nhCWUjOuAdS2MaceNn86un5NwqfRIqbStGMld/T2Q0MmYSBbYzojg0y95M/M/rpBje+JmIkxR5zBaLwlQSVGQWAekLzRnKiSWUaWFvJWxINWVogyraELzll1dJ87LiuRXv7qpcreVxFOAUzuACPLiGKtSgDg1goOEZXuHNGTsvzrvzsWhdc/KZE/gD5/MHZ0CScg==</latexit><latexit sha1_base64="IN3+Zu+vF6Yw2noJfe99BPmcFKU=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGC/YA2ls120y7dZOPuxFJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8Hodua3nrg2QsX3OEm4H9FBLELBKFrp4bGrxWCIVGs1Jm6vVHYr7hxklXg5KUOOeq/01e0rlkY8RiapMR3PTdDPqEbBJJ8Wu6nhCWUjOuAdS2MaceNn86un5NwqfRIqbStGMld/T2Q0MmYSBbYzojg0y95M/M/rpBje+JmIkxR5zBaLwlQSVGQWAekLzRnKiSWUaWFvJWxINWVogyraELzll1dJ87LiuRXv7qpcreVxFOAUzuACPLiGKtSgDg1goOEZXuHNGTsvzrvzsWhdc/KZE/gD5/MHZ0CScg==</latexit><latexit sha1_base64="IN3+Zu+vF6Yw2noJfe99BPmcFKU=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGC/YA2ls120y7dZOPuxFJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8Hodua3nrg2QsX3OEm4H9FBLELBKFrp4bGrxWCIVGs1Jm6vVHYr7hxklXg5KUOOeq/01e0rlkY8RiapMR3PTdDPqEbBJJ8Wu6nhCWUjOuAdS2MaceNn86un5NwqfRIqbStGMld/T2Q0MmYSBbYzojg0y95M/M/rpBje+JmIkxR5zBaLwlQSVGQWAekLzRnKiSWUaWFvJWxINWVogyraELzll1dJ87LiuRXv7qpcreVxFOAUzuACPLiGKtSgDg1goOEZXuHNGTsvzrvzsWhdc/KZE/gD5/MHZ0CScg==</latexit>



q,m
q,m
q,m

q,m

circumstantial evidence #3

Consider the decay of a charged black hole.

Q,M
<latexit sha1_base64="t+4BF+CzkIhe+uLMX6NjAOGHvek=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvPQitGhtoQ1ls520SzebsLsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JEcG1c99sprK1vbG4Vt0s7u3v7B+XDo0cdp4phi8UiVp2AahRcYstwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSvfNi7t+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX14lj5dVz616zatKrZ7HUYQTOIVz8OAaalCHBrSAwRCe4RXeHOG8OO/Ox6K14OQzx/AHzucPrvaNaA==</latexit><latexit sha1_base64="t+4BF+CzkIhe+uLMX6NjAOGHvek=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvPQitGhtoQ1ls520SzebsLsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JEcG1c99sprK1vbG4Vt0s7u3v7B+XDo0cdp4phi8UiVp2AahRcYstwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSvfNi7t+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX14lj5dVz616zatKrZ7HUYQTOIVz8OAaalCHBrSAwRCe4RXeHOG8OO/Ox6K14OQzx/AHzucPrvaNaA==</latexit><latexit sha1_base64="t+4BF+CzkIhe+uLMX6NjAOGHvek=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvPQitGhtoQ1ls520SzebsLsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JEcG1c99sprK1vbG4Vt0s7u3v7B+XDo0cdp4phi8UiVp2AahRcYstwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSvfNi7t+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX14lj5dVz616zatKrZ7HUYQTOIVz8OAaalCHBrSAwRCe4RXeHOG8OO/Ox6K14OQzx/AHzucPrvaNaA==</latexit><latexit sha1_base64="t+4BF+CzkIhe+uLMX6NjAOGHvek=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvPQitGhtoQ1ls520SzebsLsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JEcG1c99sprK1vbG4Vt0s7u3v7B+XDo0cdp4phi8UiVp2AahRcYstwI7CTKKRRILAdjG9nfvsJleaxfDCTBP2IDiUPOaPGSvfNi7t+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX14lj5dVz616zatKrZ7HUYQTOIVz8OAaalCHBrSAwRCe4RXeHOG8OO/Ox6K14OQzx/AHzucPrvaNaA==</latexit>

black
hole



For an extremal black hole,                     , so

number of particles 
in final state

Q/q

mQ/q < M

=

total rest mass
in final state

=

conservation
of charge

conservation
of energy

Q = M/mPl

q > m/mPl
<latexit sha1_base64="j8aD7Lg9OOY/etKsZQwX6s/4vOg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4qokI6kUKXnqsYGyhDWGz3bZLdzdxd1Moof/EiwcVr/4Ub/4bt20O2vpg4PHeDDPz4pQzbTzv21lZXVvf2Cxtlbd3dvf23YPDR51kitCAJDxRrRhrypmkgWGG01aqKBYxp814eDf1myOqNEvkgxmnNBS4L1mPEWysFLnu0y0S50hEeUcJ1OCTyK14VW8GtEz8glSgQCNyvzrdhGSCSkM41rrte6kJc6wMI5xOyp1M0xSTIe7TtqUSC6rDfHb5BJ1apYt6ibIlDZqpvydyLLQei9h2CmwGetGbiv957cz0rsOcyTQzVJL5ol7GkUnQNAbUZYoSw8eWYKKYvRWRAVaYGBtW2YbgL768TIKL6k3Vv7+s1OpFGiU4hhM4Ax+uoAZ1aEAABEbwDK/w5uTOi/PufMxbV5xi5gj+wPn8AZJRkos=</latexit><latexit sha1_base64="j8aD7Lg9OOY/etKsZQwX6s/4vOg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4qokI6kUKXnqsYGyhDWGz3bZLdzdxd1Moof/EiwcVr/4Ub/4bt20O2vpg4PHeDDPz4pQzbTzv21lZXVvf2Cxtlbd3dvf23YPDR51kitCAJDxRrRhrypmkgWGG01aqKBYxp814eDf1myOqNEvkgxmnNBS4L1mPEWysFLnu0y0S50hEeUcJ1OCTyK14VW8GtEz8glSgQCNyvzrdhGSCSkM41rrte6kJc6wMI5xOyp1M0xSTIe7TtqUSC6rDfHb5BJ1apYt6ibIlDZqpvydyLLQei9h2CmwGetGbiv957cz0rsOcyTQzVJL5ol7GkUnQNAbUZYoSw8eWYKKYvRWRAVaYGBtW2YbgL768TIKL6k3Vv7+s1OpFGiU4hhM4Ax+uoAZ1aEAABEbwDK/w5uTOi/PufMxbV5xi5gj+wPn8AZJRkos=</latexit><latexit sha1_base64="j8aD7Lg9OOY/etKsZQwX6s/4vOg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4qokI6kUKXnqsYGyhDWGz3bZLdzdxd1Moof/EiwcVr/4Ub/4bt20O2vpg4PHeDDPz4pQzbTzv21lZXVvf2Cxtlbd3dvf23YPDR51kitCAJDxRrRhrypmkgWGG01aqKBYxp814eDf1myOqNEvkgxmnNBS4L1mPEWysFLnu0y0S50hEeUcJ1OCTyK14VW8GtEz8glSgQCNyvzrdhGSCSkM41rrte6kJc6wMI5xOyp1M0xSTIe7TtqUSC6rDfHb5BJ1apYt6ibIlDZqpvydyLLQei9h2CmwGetGbiv957cz0rsOcyTQzVJL5ol7GkUnQNAbUZYoSw8eWYKKYvRWRAVaYGBtW2YbgL768TIKL6k3Vv7+s1OpFGiU4hhM4Ax+uoAZ1aEAABEbwDK/w5uTOi/PufMxbV5xi5gj+wPn8AZJRkos=</latexit><latexit sha1_base64="j8aD7Lg9OOY/etKsZQwX6s/4vOg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4qokI6kUKXnqsYGyhDWGz3bZLdzdxd1Moof/EiwcVr/4Ub/4bt20O2vpg4PHeDDPz4pQzbTzv21lZXVvf2Cxtlbd3dvf23YPDR51kitCAJDxRrRhrypmkgWGG01aqKBYxp814eDf1myOqNEvkgxmnNBS4L1mPEWysFLnu0y0S50hEeUcJ1OCTyK14VW8GtEz8glSgQCNyvzrdhGSCSkM41rrte6kJc6wMI5xOyp1M0xSTIe7TtqUSC6rDfHb5BJ1apYt6ibIlDZqpvydyLLQei9h2CmwGetGbiv957cz0rsOcyTQzVJL5ol7GkUnQNAbUZYoSw8eWYKKYvRWRAVaYGBtW2YbgL768TIKL6k3Vv7+s1OpFGiU4hhM4Ax+uoAZ1aEAABEbwDK/w5uTOi/PufMxbV5xi5gj+wPn8AZJRkos=</latexit>



• thermodynamic issues???

• tension with holography???

Violation of WGC implies that extremal 
black holes are stable remnants.

These might be pathological:

Satisfaction of WGC implies that extremal 
black holes can decay.



• in the swampland

• merely pathological?

Many properties of EFTs that arise from 
consistent UV completion are in actuality 
dictated by IR constraints: anomaly 
cancellation, charge quantization, positivity.

(diagnose in UV)

(diagnose in IR)

OR

Question: is a theory that violates the WGC



Can WGC violation yield IR pathologies?

energy

light 
neutral 
states

heavy charged state 
that satisfies WGC

mPl
<latexit sha1_base64="kLFVvSybKTer4Y/RRCUaLOu4hNM=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp0IahewsYzgmWByhL3NJlmyu3fszgnhyL+wsVCx9efY+W/cJFdo4oOBx3szzMyLUyks+v63t7K6tr6xWdoqb+/s7u1XDg4fbJIZxkOWyMS0Ymq5FJqHKFDyVmo4VbHkzXh0M/WbT9xYkeh7HKc8UnSgRV8wik56VN28YxRpyEm3UvVr/gxkmQQFqUKBRrfy1eklLFNcI5PU2nbgpxjl1KBgkk/KnczylLIRHfC2o5oqbqN8dvGEnDqlR/qJcaWRzNTfEzlV1o5V7DoVxaFd9Kbif147w/5VlAudZsg1my/qZ5JgQqbvk54wnKEcO0KZEe5WwobUUIYupLILIVh8eZmE57XrWnB3Ua3XizRKcAwncAYBXEIdbqEBITDQ8Ayv8OZZ78V79z7mrSteMXMEf+B9/gDQ95CL</latexit><latexit sha1_base64="kLFVvSybKTer4Y/RRCUaLOu4hNM=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp0IahewsYzgmWByhL3NJlmyu3fszgnhyL+wsVCx9efY+W/cJFdo4oOBx3szzMyLUyks+v63t7K6tr6xWdoqb+/s7u1XDg4fbJIZxkOWyMS0Ymq5FJqHKFDyVmo4VbHkzXh0M/WbT9xYkeh7HKc8UnSgRV8wik56VN28YxRpyEm3UvVr/gxkmQQFqUKBRrfy1eklLFNcI5PU2nbgpxjl1KBgkk/KnczylLIRHfC2o5oqbqN8dvGEnDqlR/qJcaWRzNTfEzlV1o5V7DoVxaFd9Kbif147w/5VlAudZsg1my/qZ5JgQqbvk54wnKEcO0KZEe5WwobUUIYupLILIVh8eZmE57XrWnB3Ua3XizRKcAwncAYBXEIdbqEBITDQ8Ayv8OZZ78V79z7mrSteMXMEf+B9/gDQ95CL</latexit><latexit sha1_base64="kLFVvSybKTer4Y/RRCUaLOu4hNM=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp0IahewsYzgmWByhL3NJlmyu3fszgnhyL+wsVCx9efY+W/cJFdo4oOBx3szzMyLUyks+v63t7K6tr6xWdoqb+/s7u1XDg4fbJIZxkOWyMS0Ymq5FJqHKFDyVmo4VbHkzXh0M/WbT9xYkeh7HKc8UnSgRV8wik56VN28YxRpyEm3UvVr/gxkmQQFqUKBRrfy1eklLFNcI5PU2nbgpxjl1KBgkk/KnczylLIRHfC2o5oqbqN8dvGEnDqlR/qJcaWRzNTfEzlV1o5V7DoVxaFd9Kbif147w/5VlAudZsg1my/qZ5JgQqbvk54wnKEcO0KZEe5WwobUUIYupLILIVh8eZmE57XrWnB3Ua3XizRKcAwncAYBXEIdbqEBITDQ8Ayv8OZZ78V79z7mrSteMXMEf+B9/gDQ95CL</latexit><latexit sha1_base64="kLFVvSybKTer4Y/RRCUaLOu4hNM=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp0IahewsYzgmWByhL3NJlmyu3fszgnhyL+wsVCx9efY+W/cJFdo4oOBx3szzMyLUyks+v63t7K6tr6xWdoqb+/s7u1XDg4fbJIZxkOWyMS0Ymq5FJqHKFDyVmo4VbHkzXh0M/WbT9xYkeh7HKc8UnSgRV8wik56VN28YxRpyEm3UvVr/gxkmQQFqUKBRrfy1eklLFNcI5PU2nbgpxjl1KBgkk/KnczylLIRHfC2o5oqbqN8dvGEnDqlR/qJcaWRzNTfEzlV1o5V7DoVxaFd9Kbif147w/5VlAudZsg1my/qZ5JgQqbvk54wnKEcO0KZEe5WwobUUIYupLILIVh8eZmE57XrWnB3Ua3XizRKcAwncAYBXEIdbqEBITDQ8Ayv8OZZ78V79z7mrSteMXMEf+B9/gDQ95CL</latexit>

Studying the IR spectrum is not enough!



�L =
8X

I=1

ciOi

<latexit sha1_base64="D4uix5TJo+vtaKzLeRthRQWcV9Q=">AAACFXicbVBNS8NAEN3Ur1q/oh69LBbBiyURwXooFPRQQbCCsYUmhs122y7dTcLuRighv8KLf8WLBxWvgjf/jds2B219MPB4b4aZeUHMqFSW9W0UFhaXlleKq6W19Y3NLXN7505GicDEwRGLRDtAkjAaEkdRxUg7FgTxgJFWMDwf+60HIiSNwls1ionHUT+kPYqR0pJvHrkXhCkEUxcjBq8yWIOuTLifXtbs7L4KsU9z7zrzqW+WrYo1AZwndk7KIEfTN7/cboQTTkKFGZKyY1ux8lIkFMWMZCU3kSRGeIj6pKNpiDiRXjp5K4MHWunCXiR0hQpO1N8TKeJSjnigOzlSAznrjcX/vE6ielUvpWGcKBLi6aJewqCK4Dgj2KWCYMVGmiAsqL4V4gESCCudZEmHYM++PE+c48pZxb45KdcbeRpFsAf2wSGwwSmogwZoAgdg8AiewSt4M56MF+Pd+Ji2Fox8Zhf8gfH5A+9tnZU=</latexit><latexit sha1_base64="D4uix5TJo+vtaKzLeRthRQWcV9Q=">AAACFXicbVBNS8NAEN3Ur1q/oh69LBbBiyURwXooFPRQQbCCsYUmhs122y7dTcLuRighv8KLf8WLBxWvgjf/jds2B219MPB4b4aZeUHMqFSW9W0UFhaXlleKq6W19Y3NLXN7505GicDEwRGLRDtAkjAaEkdRxUg7FgTxgJFWMDwf+60HIiSNwls1ionHUT+kPYqR0pJvHrkXhCkEUxcjBq8yWIOuTLifXtbs7L4KsU9z7zrzqW+WrYo1AZwndk7KIEfTN7/cboQTTkKFGZKyY1ux8lIkFMWMZCU3kSRGeIj6pKNpiDiRXjp5K4MHWunCXiR0hQpO1N8TKeJSjnigOzlSAznrjcX/vE6ielUvpWGcKBLi6aJewqCK4Dgj2KWCYMVGmiAsqL4V4gESCCudZEmHYM++PE+c48pZxb45KdcbeRpFsAf2wSGwwSmogwZoAgdg8AiewSt4M56MF+Pd+Ji2Fox8Zhf8gfH5A+9tnZU=</latexit><latexit sha1_base64="D4uix5TJo+vtaKzLeRthRQWcV9Q=">AAACFXicbVBNS8NAEN3Ur1q/oh69LBbBiyURwXooFPRQQbCCsYUmhs122y7dTcLuRighv8KLf8WLBxWvgjf/jds2B219MPB4b4aZeUHMqFSW9W0UFhaXlleKq6W19Y3NLXN7505GicDEwRGLRDtAkjAaEkdRxUg7FgTxgJFWMDwf+60HIiSNwls1ionHUT+kPYqR0pJvHrkXhCkEUxcjBq8yWIOuTLifXtbs7L4KsU9z7zrzqW+WrYo1AZwndk7KIEfTN7/cboQTTkKFGZKyY1ux8lIkFMWMZCU3kSRGeIj6pKNpiDiRXjp5K4MHWunCXiR0hQpO1N8TKeJSjnigOzlSAznrjcX/vE6ielUvpWGcKBLi6aJewqCK4Dgj2KWCYMVGmiAsqL4V4gESCCudZEmHYM++PE+c48pZxb45KdcbeRpFsAf2wSGwwSmogwZoAgdg8AiewSt4M56MF+Pd+Ji2Fox8Zhf8gfH5A+9tnZU=</latexit><latexit sha1_base64="D4uix5TJo+vtaKzLeRthRQWcV9Q=">AAACFXicbVBNS8NAEN3Ur1q/oh69LBbBiyURwXooFPRQQbCCsYUmhs122y7dTcLuRighv8KLf8WLBxWvgjf/jds2B219MPB4b4aZeUHMqFSW9W0UFhaXlleKq6W19Y3NLXN7505GicDEwRGLRDtAkjAaEkdRxUg7FgTxgJFWMDwf+60HIiSNwls1ionHUT+kPYqR0pJvHrkXhCkEUxcjBq8yWIOuTLifXtbs7L4KsU9z7zrzqW+WrYo1AZwndk7KIEfTN7/cboQTTkKFGZKyY1ux8lIkFMWMZCU3kSRGeIj6pKNpiDiRXjp5K4MHWunCXiR0hQpO1N8TKeJSjnigOzlSAznrjcX/vE6ielUvpWGcKBLi6aJewqCK4Dgj2KWCYMVGmiAsqL4V4gESCCudZEmHYM++PE+c48pZxb45KdcbeRpFsAf2wSGwwSmogwZoAgdg8AiewSt4M56MF+Pd+Ji2Fox8Zhf8gfH5A+9tnZU=</latexit>

O1 = R2
<latexit sha1_base64="Xz9RqgChwebzP2w4iD4oAvTTPDo=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQT0IBT14s4qxhTaGzXbTLt18sLsRS8hf8eJBxau/xJv/xm2bg7Y+GHi8N8PMPD/hTCrL+jZKS8srq2vl9crG5tb2jrlbvZdxKgh1SMxj0fGxpJxF1FFMcdpJBMWhz2nbH11M/PYjFZLF0Z0aJ9QN8SBiASNYackzq1mPYI6ucy+zc3SObh8anlmz6tYUaJHYBalBgZZnfvX6MUlDGinCsZRd20qUm2GhGOE0r/RSSRNMRnhAu5pGOKTSzaa35+hQK30UxEJXpNBU/T2R4VDKcejrzhCroZz3JuJ/XjdVwambsShJFY3IbFGQcqRiNAkC9ZmgRPGxJpgIpm9FZIgFJkrHVdEh2PMvLxKnUT+r2zfHteZlkUYZ9uEAjsCGE2jCFbTAAQJP8Ayv8GbkxovxbnzMWktGMbMHf2B8/gCbzZMP</latexit><latexit sha1_base64="Xz9RqgChwebzP2w4iD4oAvTTPDo=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQT0IBT14s4qxhTaGzXbTLt18sLsRS8hf8eJBxau/xJv/xm2bg7Y+GHi8N8PMPD/hTCrL+jZKS8srq2vl9crG5tb2jrlbvZdxKgh1SMxj0fGxpJxF1FFMcdpJBMWhz2nbH11M/PYjFZLF0Z0aJ9QN8SBiASNYackzq1mPYI6ucy+zc3SObh8anlmz6tYUaJHYBalBgZZnfvX6MUlDGinCsZRd20qUm2GhGOE0r/RSSRNMRnhAu5pGOKTSzaa35+hQK30UxEJXpNBU/T2R4VDKcejrzhCroZz3JuJ/XjdVwambsShJFY3IbFGQcqRiNAkC9ZmgRPGxJpgIpm9FZIgFJkrHVdEh2PMvLxKnUT+r2zfHteZlkUYZ9uEAjsCGE2jCFbTAAQJP8Ayv8GbkxovxbnzMWktGMbMHf2B8/gCbzZMP</latexit><latexit sha1_base64="Xz9RqgChwebzP2w4iD4oAvTTPDo=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQT0IBT14s4qxhTaGzXbTLt18sLsRS8hf8eJBxau/xJv/xm2bg7Y+GHi8N8PMPD/hTCrL+jZKS8srq2vl9crG5tb2jrlbvZdxKgh1SMxj0fGxpJxF1FFMcdpJBMWhz2nbH11M/PYjFZLF0Z0aJ9QN8SBiASNYackzq1mPYI6ucy+zc3SObh8anlmz6tYUaJHYBalBgZZnfvX6MUlDGinCsZRd20qUm2GhGOE0r/RSSRNMRnhAu5pGOKTSzaa35+hQK30UxEJXpNBU/T2R4VDKcejrzhCroZz3JuJ/XjdVwambsShJFY3IbFGQcqRiNAkC9ZmgRPGxJpgIpm9FZIgFJkrHVdEh2PMvLxKnUT+r2zfHteZlkUYZ9uEAjsCGE2jCFbTAAQJP8Ayv8GbkxovxbnzMWktGMbMHf2B8/gCbzZMP</latexit><latexit sha1_base64="Xz9RqgChwebzP2w4iD4oAvTTPDo=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSyCp5IUQT0IBT14s4qxhTaGzXbTLt18sLsRS8hf8eJBxau/xJv/xm2bg7Y+GHi8N8PMPD/hTCrL+jZKS8srq2vl9crG5tb2jrlbvZdxKgh1SMxj0fGxpJxF1FFMcdpJBMWhz2nbH11M/PYjFZLF0Z0aJ9QN8SBiASNYackzq1mPYI6ucy+zc3SObh8anlmz6tYUaJHYBalBgZZnfvX6MUlDGinCsZRd20qUm2GhGOE0r/RSSRNMRnhAu5pGOKTSzaa35+hQK30UxEJXpNBU/T2R4VDKcejrzhCroZz3JuJ/XjdVwambsShJFY3IbFGQcqRiNAkC9ZmgRPGxJpgIpm9FZIgFJkrHVdEh2PMvLxKnUT+r2zfHteZlkUYZ9uEAjsCGE2jCFbTAAQJP8Ayv8GbkxovxbnzMWktGMbMHf2B8/gCbzZMP</latexit>

O2 = Rµ⌫R
µ⌫

<latexit sha1_base64="TfC6oTk/Mv+RKOG2DTLWEsgSBlM=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKrkpSBHUhFHThzlqMLTQxTKaTduhkEmYmQgl5ATe+ihsXKm59AHe+jdM2grYeGPg4917u3BMkjEplWV/G3PzC4tJyaaW8ura+sWlubd/KOBWYODhmsWgHSBJGOXEUVYy0E0FQFDDSCgbno3rrnghJY36jhgnxItTjNKQYKW355n7mYsTgVe5ntRyewaafuVHq8jRv3v0Q9M2KVbXGgrNgF1ABhRq++el2Y5xGhCvMkJQd20qUlyGhKGYkL7upJAnCA9QjHY0cRUR62fiaHB5opwvDWOjHFRy7vycyFEk5jALdGSHVl9O1kflfrZOq8MTLKE9SRTieLApTBlUMR9HALhUEKzbUgLCg+q8Q95FAWOkAyzoEe/rkWXBq1dOqfX1UqV8UaZTALtgDh8AGx6AOLkEDOACDB/AEXsCr8Wg8G2/G+6R1zihmdsAfGR/fTb6bTQ==</latexit><latexit sha1_base64="TfC6oTk/Mv+RKOG2DTLWEsgSBlM=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKrkpSBHUhFHThzlqMLTQxTKaTduhkEmYmQgl5ATe+ihsXKm59AHe+jdM2grYeGPg4917u3BMkjEplWV/G3PzC4tJyaaW8ura+sWlubd/KOBWYODhmsWgHSBJGOXEUVYy0E0FQFDDSCgbno3rrnghJY36jhgnxItTjNKQYKW355n7mYsTgVe5ntRyewaafuVHq8jRv3v0Q9M2KVbXGgrNgF1ABhRq++el2Y5xGhCvMkJQd20qUlyGhKGYkL7upJAnCA9QjHY0cRUR62fiaHB5opwvDWOjHFRy7vycyFEk5jALdGSHVl9O1kflfrZOq8MTLKE9SRTieLApTBlUMR9HALhUEKzbUgLCg+q8Q95FAWOkAyzoEe/rkWXBq1dOqfX1UqV8UaZTALtgDh8AGx6AOLkEDOACDB/AEXsCr8Wg8G2/G+6R1zihmdsAfGR/fTb6bTQ==</latexit><latexit sha1_base64="TfC6oTk/Mv+RKOG2DTLWEsgSBlM=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKrkpSBHUhFHThzlqMLTQxTKaTduhkEmYmQgl5ATe+ihsXKm59AHe+jdM2grYeGPg4917u3BMkjEplWV/G3PzC4tJyaaW8ura+sWlubd/KOBWYODhmsWgHSBJGOXEUVYy0E0FQFDDSCgbno3rrnghJY36jhgnxItTjNKQYKW355n7mYsTgVe5ntRyewaafuVHq8jRv3v0Q9M2KVbXGgrNgF1ABhRq++el2Y5xGhCvMkJQd20qUlyGhKGYkL7upJAnCA9QjHY0cRUR62fiaHB5opwvDWOjHFRy7vycyFEk5jALdGSHVl9O1kflfrZOq8MTLKE9SRTieLApTBlUMR9HALhUEKzbUgLCg+q8Q95FAWOkAyzoEe/rkWXBq1dOqfX1UqV8UaZTALtgDh8AGx6AOLkEDOACDB/AEXsCr8Wg8G2/G+6R1zihmdsAfGR/fTb6bTQ==</latexit><latexit sha1_base64="TfC6oTk/Mv+RKOG2DTLWEsgSBlM=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKrkpSBHUhFHThzlqMLTQxTKaTduhkEmYmQgl5ATe+ihsXKm59AHe+jdM2grYeGPg4917u3BMkjEplWV/G3PzC4tJyaaW8ura+sWlubd/KOBWYODhmsWgHSBJGOXEUVYy0E0FQFDDSCgbno3rrnghJY36jhgnxItTjNKQYKW355n7mYsTgVe5ntRyewaafuVHq8jRv3v0Q9M2KVbXGgrNgF1ABhRq++el2Y5xGhCvMkJQd20qUlyGhKGYkL7upJAnCA9QjHY0cRUR62fiaHB5opwvDWOjHFRy7vycyFEk5jALdGSHVl9O1kflfrZOq8MTLKE9SRTieLApTBlUMR9HALhUEKzbUgLCg+q8Q95FAWOkAyzoEe/rkWXBq1dOqfX1UqV8UaZTALtgDh8AGx6AOLkEDOACDB/AEXsCr8Wg8G2/G+6R1zihmdsAfGR/fTb6bTQ==</latexit>

O3 = Rµ⌫⇢�R
µ⌫⇢�

<latexit sha1_base64="N5TinjpB6Kq1RcVSxBy9kAnc+34=">AAACIHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUsB6Egh68WYu1hSaGzXbTLt3dhN2NUEL+ihf/ihcPKnrTX+O2zUFbHww83pthZl4QM6q0bX9ZhYXFpeWV4mppbX1jc6u8vXOnokRi0sIRi2QnQIowKkhLU81IJ5YE8YCRdjC8GPvtByIVjcStHsXE46gvaEgx0kbyy7XUxYjB68xPjzN4Dpt+6vLEFYkrB5GraJ+jDDbv50W/XLGr9gRwnjg5qYAcDb/86fYinHAiNGZIqa5jx9pLkdQUM5KV3ESRGOEh6pOuoQJxorx08mEGD4zSg2EkTQkNJ+rviRRxpUY8MJ0c6YGa9cbif1430WHNS6mIE00Eni4KEwZ1BMdxwR6VBGs2MgRhSc2tEA+QRFibUEsmBGf25XnSOqqeVZ2bk0r9Mk+jCPbAPjgEDjgFdXAFGqAFMHgEz+AVvFlP1ov1bn1MWwtWPrML/sD6/gHgkaQ6</latexit><latexit sha1_base64="N5TinjpB6Kq1RcVSxBy9kAnc+34=">AAACIHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUsB6Egh68WYu1hSaGzXbTLt3dhN2NUEL+ihf/ihcPKnrTX+O2zUFbHww83pthZl4QM6q0bX9ZhYXFpeWV4mppbX1jc6u8vXOnokRi0sIRi2QnQIowKkhLU81IJ5YE8YCRdjC8GPvtByIVjcStHsXE46gvaEgx0kbyy7XUxYjB68xPjzN4Dpt+6vLEFYkrB5GraJ+jDDbv50W/XLGr9gRwnjg5qYAcDb/86fYinHAiNGZIqa5jx9pLkdQUM5KV3ESRGOEh6pOuoQJxorx08mEGD4zSg2EkTQkNJ+rviRRxpUY8MJ0c6YGa9cbif1430WHNS6mIE00Eni4KEwZ1BMdxwR6VBGs2MgRhSc2tEA+QRFibUEsmBGf25XnSOqqeVZ2bk0r9Mk+jCPbAPjgEDjgFdXAFGqAFMHgEz+AVvFlP1ov1bn1MWwtWPrML/sD6/gHgkaQ6</latexit><latexit sha1_base64="N5TinjpB6Kq1RcVSxBy9kAnc+34=">AAACIHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUsB6Egh68WYu1hSaGzXbTLt3dhN2NUEL+ihf/ihcPKnrTX+O2zUFbHww83pthZl4QM6q0bX9ZhYXFpeWV4mppbX1jc6u8vXOnokRi0sIRi2QnQIowKkhLU81IJ5YE8YCRdjC8GPvtByIVjcStHsXE46gvaEgx0kbyy7XUxYjB68xPjzN4Dpt+6vLEFYkrB5GraJ+jDDbv50W/XLGr9gRwnjg5qYAcDb/86fYinHAiNGZIqa5jx9pLkdQUM5KV3ESRGOEh6pOuoQJxorx08mEGD4zSg2EkTQkNJ+rviRRxpUY8MJ0c6YGa9cbif1430WHNS6mIE00Eni4KEwZ1BMdxwR6VBGs2MgRhSc2tEA+QRFibUEsmBGf25XnSOqqeVZ2bk0r9Mk+jCPbAPjgEDjgFdXAFGqAFMHgEz+AVvFlP1ov1bn1MWwtWPrML/sD6/gHgkaQ6</latexit><latexit sha1_base64="N5TinjpB6Kq1RcVSxBy9kAnc+34=">AAACIHicbVBNS8NAEN3Ur1q/qh69LBbBU0lUsB6Egh68WYu1hSaGzXbTLt3dhN2NUEL+ihf/ihcPKnrTX+O2zUFbHww83pthZl4QM6q0bX9ZhYXFpeWV4mppbX1jc6u8vXOnokRi0sIRi2QnQIowKkhLU81IJ5YE8YCRdjC8GPvtByIVjcStHsXE46gvaEgx0kbyy7XUxYjB68xPjzN4Dpt+6vLEFYkrB5GraJ+jDDbv50W/XLGr9gRwnjg5qYAcDb/86fYinHAiNGZIqa5jx9pLkdQUM5KV3ESRGOEh6pOuoQJxorx08mEGD4zSg2EkTQkNJ+rviRRxpUY8MJ0c6YGa9cbif1430WHNS6mIE00Eni4KEwZ1BMdxwR6VBGs2MgRhSc2tEA+QRFibUEsmBGf25XnSOqqeVZ2bk0r9Mk+jCPbAPjgEDjgFdXAFGqAFMHgEz+AVvFlP1ov1bn1MWwtWPrML/sD6/gHgkaQ6</latexit>

O4 = RFµ⌫F
µ⌫

<latexit sha1_base64="WeJpZ0YY6Il6ip9RLoogJK7+on8=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcFUSKagLoaAUd1axttDEMJlO2qGTSZiZCCXkBdz4Km5cqLj1Adz5Nk7bCNp6YODj3Hu5c48fMyqVZX0Zhbn5hcWl4nJpZXVtfcPc3LqVUSIwaeKIRaLtI0kY5aSpqGKkHQuCQp+Rlj84G9Vb90RIGvEbNYyJG6IepwHFSGnLM/dSByMGLzMvrWbw9BrWvdQJE4cnWf3uhzyzbFWsseAs2DmUQa6GZ3463QgnIeEKMyRlx7Zi5aZIKIoZyUpOIkmM8AD1SEcjRyGRbjq+JoP72unCIBL6cQXH7u+JFIVSDkNfd4ZI9eV0bWT+V+skKjh2U8rjRBGOJ4uChEEVwVE0sEsFwYoNNSAsqP4rxH0kEFY6wJIOwZ4+eRaah5WTin1VLdfO8zSKYAfsggNggyNQAxegAZoAgwfwBF7Aq/FoPBtvxvuktWDkM9vgj4yPb3VDm2k=</latexit><latexit sha1_base64="WeJpZ0YY6Il6ip9RLoogJK7+on8=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcFUSKagLoaAUd1axttDEMJlO2qGTSZiZCCXkBdz4Km5cqLj1Adz5Nk7bCNp6YODj3Hu5c48fMyqVZX0Zhbn5hcWl4nJpZXVtfcPc3LqVUSIwaeKIRaLtI0kY5aSpqGKkHQuCQp+Rlj84G9Vb90RIGvEbNYyJG6IepwHFSGnLM/dSByMGLzMvrWbw9BrWvdQJE4cnWf3uhzyzbFWsseAs2DmUQa6GZ3463QgnIeEKMyRlx7Zi5aZIKIoZyUpOIkmM8AD1SEcjRyGRbjq+JoP72unCIBL6cQXH7u+JFIVSDkNfd4ZI9eV0bWT+V+skKjh2U8rjRBGOJ4uChEEVwVE0sEsFwYoNNSAsqP4rxH0kEFY6wJIOwZ4+eRaah5WTin1VLdfO8zSKYAfsggNggyNQAxegAZoAgwfwBF7Aq/FoPBtvxvuktWDkM9vgj4yPb3VDm2k=</latexit><latexit sha1_base64="WeJpZ0YY6Il6ip9RLoogJK7+on8=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcFUSKagLoaAUd1axttDEMJlO2qGTSZiZCCXkBdz4Km5cqLj1Adz5Nk7bCNp6YODj3Hu5c48fMyqVZX0Zhbn5hcWl4nJpZXVtfcPc3LqVUSIwaeKIRaLtI0kY5aSpqGKkHQuCQp+Rlj84G9Vb90RIGvEbNYyJG6IepwHFSGnLM/dSByMGLzMvrWbw9BrWvdQJE4cnWf3uhzyzbFWsseAs2DmUQa6GZ3463QgnIeEKMyRlx7Zi5aZIKIoZyUpOIkmM8AD1SEcjRyGRbjq+JoP72unCIBL6cQXH7u+JFIVSDkNfd4ZI9eV0bWT+V+skKjh2U8rjRBGOJ4uChEEVwVE0sEsFwYoNNSAsqP4rxH0kEFY6wJIOwZ4+eRaah5WTin1VLdfO8zSKYAfsggNggyNQAxegAZoAgwfwBF7Aq/FoPBtvxvuktWDkM9vgj4yPb3VDm2k=</latexit><latexit sha1_base64="WeJpZ0YY6Il6ip9RLoogJK7+on8=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcFUSKagLoaAUd1axttDEMJlO2qGTSZiZCCXkBdz4Km5cqLj1Adz5Nk7bCNp6YODj3Hu5c48fMyqVZX0Zhbn5hcWl4nJpZXVtfcPc3LqVUSIwaeKIRaLtI0kY5aSpqGKkHQuCQp+Rlj84G9Vb90RIGvEbNYyJG6IepwHFSGnLM/dSByMGLzMvrWbw9BrWvdQJE4cnWf3uhzyzbFWsseAs2DmUQa6GZ3463QgnIeEKMyRlx7Zi5aZIKIoZyUpOIkmM8AD1SEcjRyGRbjq+JoP72unCIBL6cQXH7u+JFIVSDkNfd4ZI9eV0bWT+V+skKjh2U8rjRBGOJ4uChEEVwVE0sEsFwYoNNSAsqP4rxH0kEFY6wJIOwZ4+eRaah5WTin1VLdfO8zSKYAfsggNggyNQAxegAZoAgwfwBF7Aq/FoPBtvxvuktWDkM9vgj4yPb3VDm2k=</latexit>

O5 = Rµ⌫F
µ⇢F ⌫

⇢
<latexit sha1_base64="5Zu0nqv5C+FWpBuEi5nqfS++9Ms=">AAACH3icbVBdS8MwFE3n15xfUx99CQ7Bp9GKMkWEgTJ8c4rVwdqVNMu2sDQtSSqM0p/ii3/FFx9UxLf9G7OuD7p5QuDknHu5ucePGJXKNMdGYWFxaXmluFpaW9/Y3Cpv7zzIMBaY2DhkoWj5SBJGObEVVYy0IkFQ4DPy6A8vJ/7jExGShvxejSLiBqjPaY9ipLTklWuJgxGDN6mXnKTwAsI7L3GC2OFxChudjIpBmDY6WtHOuT6TN/TKFbNqZoDzxMpJBeRoeuVvpxviOCBcYYakbFtmpNwECUUxI2nJiSWJEB6iPmlrylFApJtkC6bwQCtd2AuFvlzBTP3dkaBAylHg68oAqYGc9Sbif147Vr1TN6E8ihXheDqoFzOoQjhJC3apIFixkSYIC6r/CvEACYSVzrSkQ7BmV54n9lH1rGrdHlfqV3kaRbAH9sEhsEAN1ME1aAIbYPAMXsE7+DBejDfj0/ialhaMvGcX/IEx/gFXIqK1</latexit><latexit sha1_base64="5Zu0nqv5C+FWpBuEi5nqfS++9Ms=">AAACH3icbVBdS8MwFE3n15xfUx99CQ7Bp9GKMkWEgTJ8c4rVwdqVNMu2sDQtSSqM0p/ii3/FFx9UxLf9G7OuD7p5QuDknHu5ucePGJXKNMdGYWFxaXmluFpaW9/Y3Cpv7zzIMBaY2DhkoWj5SBJGObEVVYy0IkFQ4DPy6A8vJ/7jExGShvxejSLiBqjPaY9ipLTklWuJgxGDN6mXnKTwAsI7L3GC2OFxChudjIpBmDY6WtHOuT6TN/TKFbNqZoDzxMpJBeRoeuVvpxviOCBcYYakbFtmpNwECUUxI2nJiSWJEB6iPmlrylFApJtkC6bwQCtd2AuFvlzBTP3dkaBAylHg68oAqYGc9Sbif147Vr1TN6E8ihXheDqoFzOoQjhJC3apIFixkSYIC6r/CvEACYSVzrSkQ7BmV54n9lH1rGrdHlfqV3kaRbAH9sEhsEAN1ME1aAIbYPAMXsE7+DBejDfj0/ialhaMvGcX/IEx/gFXIqK1</latexit><latexit sha1_base64="5Zu0nqv5C+FWpBuEi5nqfS++9Ms=">AAACH3icbVBdS8MwFE3n15xfUx99CQ7Bp9GKMkWEgTJ8c4rVwdqVNMu2sDQtSSqM0p/ii3/FFx9UxLf9G7OuD7p5QuDknHu5ucePGJXKNMdGYWFxaXmluFpaW9/Y3Cpv7zzIMBaY2DhkoWj5SBJGObEVVYy0IkFQ4DPy6A8vJ/7jExGShvxejSLiBqjPaY9ipLTklWuJgxGDN6mXnKTwAsI7L3GC2OFxChudjIpBmDY6WtHOuT6TN/TKFbNqZoDzxMpJBeRoeuVvpxviOCBcYYakbFtmpNwECUUxI2nJiSWJEB6iPmlrylFApJtkC6bwQCtd2AuFvlzBTP3dkaBAylHg68oAqYGc9Sbif147Vr1TN6E8ihXheDqoFzOoQjhJC3apIFixkSYIC6r/CvEACYSVzrSkQ7BmV54n9lH1rGrdHlfqV3kaRbAH9sEhsEAN1ME1aAIbYPAMXsE7+DBejDfj0/ialhaMvGcX/IEx/gFXIqK1</latexit><latexit sha1_base64="5Zu0nqv5C+FWpBuEi5nqfS++9Ms=">AAACH3icbVBdS8MwFE3n15xfUx99CQ7Bp9GKMkWEgTJ8c4rVwdqVNMu2sDQtSSqM0p/ii3/FFx9UxLf9G7OuD7p5QuDknHu5ucePGJXKNMdGYWFxaXmluFpaW9/Y3Cpv7zzIMBaY2DhkoWj5SBJGObEVVYy0IkFQ4DPy6A8vJ/7jExGShvxejSLiBqjPaY9ipLTklWuJgxGDN6mXnKTwAsI7L3GC2OFxChudjIpBmDY6WtHOuT6TN/TKFbNqZoDzxMpJBeRoeuVvpxviOCBcYYakbFtmpNwECUUxI2nJiSWJEB6iPmlrylFApJtkC6bwQCtd2AuFvlzBTP3dkaBAylHg68oAqYGc9Sbif147Vr1TN6E8ihXheDqoFzOoQjhJC3apIFixkSYIC6r/CvEACYSVzrSkQ7BmV54n9lH1rGrdHlfqV3kaRbAH9sEhsEAN1ME1aAIbYPAMXsE7+DBejDfj0/ialhaMvGcX/IEx/gFXIqK1</latexit>

O6 = Rµ⌫⇢�F
µ⌫F ⇢�

<latexit sha1_base64="MXw80p6tPHlfQW7bLyjfJmeDEe8=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMiJdFoaCIO6tYW+iMQybNtKFJZkgyQhnmadz4Km5cVBFc+Sqm7Sxq9UDg4//P4eT8Qcyo0rb9ZRUWFpeWV4qrpbX1jc2t8vbOg4oSiUkTRyyS7QApwqggTU01I+1YEsQDRlrB4GLst56IVDQS93oYE4+jnqAhxUgbyS/XUhcjBm8yPz3JYO3OT12euCJxZT9yFe1xlMGrx1yc4ozjlyt21Z4U/AtODhWQV8Mvj9xuhBNOhMYMKdVx7Fh7KZKaYkaykpsoEiM8QD3SMSgQJ8pLJ2dm8MAoXRhG0jyh4USdnUgRV2rIA9PJke6reW8s/ud1Eh2eeSkVcaKJwNNFYcKgjuA4M9ilkmDNhgYQltT8FeI+kghrk2zJhODMn/wXmkfV86pze1ypX+ZpFMEe2AeHwAGnoA6uQQM0AQbP4BWMwLv1Yr1ZH9bntLVg5TO74FdZ3z+k06Yf</latexit><latexit sha1_base64="MXw80p6tPHlfQW7bLyjfJmeDEe8=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMiJdFoaCIO6tYW+iMQybNtKFJZkgyQhnmadz4Km5cVBFc+Sqm7Sxq9UDg4//P4eT8Qcyo0rb9ZRUWFpeWV4qrpbX1jc2t8vbOg4oSiUkTRyyS7QApwqggTU01I+1YEsQDRlrB4GLst56IVDQS93oYE4+jnqAhxUgbyS/XUhcjBm8yPz3JYO3OT12euCJxZT9yFe1xlMGrx1yc4ozjlyt21Z4U/AtODhWQV8Mvj9xuhBNOhMYMKdVx7Fh7KZKaYkaykpsoEiM8QD3SMSgQJ8pLJ2dm8MAoXRhG0jyh4USdnUgRV2rIA9PJke6reW8s/ud1Eh2eeSkVcaKJwNNFYcKgjuA4M9ilkmDNhgYQltT8FeI+kghrk2zJhODMn/wXmkfV86pze1ypX+ZpFMEe2AeHwAGnoA6uQQM0AQbP4BWMwLv1Yr1ZH9bntLVg5TO74FdZ3z+k06Yf</latexit><latexit sha1_base64="MXw80p6tPHlfQW7bLyjfJmeDEe8=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMiJdFoaCIO6tYW+iMQybNtKFJZkgyQhnmadz4Km5cVBFc+Sqm7Sxq9UDg4//P4eT8Qcyo0rb9ZRUWFpeWV4qrpbX1jc2t8vbOg4oSiUkTRyyS7QApwqggTU01I+1YEsQDRlrB4GLst56IVDQS93oYE4+jnqAhxUgbyS/XUhcjBm8yPz3JYO3OT12euCJxZT9yFe1xlMGrx1yc4ozjlyt21Z4U/AtODhWQV8Mvj9xuhBNOhMYMKdVx7Fh7KZKaYkaykpsoEiM8QD3SMSgQJ8pLJ2dm8MAoXRhG0jyh4USdnUgRV2rIA9PJke6reW8s/ud1Eh2eeSkVcaKJwNNFYcKgjuA4M9ilkmDNhgYQltT8FeI+kghrk2zJhODMn/wXmkfV86pze1ypX+ZpFMEe2AeHwAGnoA6uQQM0AQbP4BWMwLv1Yr1ZH9bntLVg5TO74FdZ3z+k06Yf</latexit><latexit sha1_base64="MXw80p6tPHlfQW7bLyjfJmeDEe8=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMiJdFoaCIO6tYW+iMQybNtKFJZkgyQhnmadz4Km5cVBFc+Sqm7Sxq9UDg4//P4eT8Qcyo0rb9ZRUWFpeWV4qrpbX1jc2t8vbOg4oSiUkTRyyS7QApwqggTU01I+1YEsQDRlrB4GLst56IVDQS93oYE4+jnqAhxUgbyS/XUhcjBm8yPz3JYO3OT12euCJxZT9yFe1xlMGrx1yc4ozjlyt21Z4U/AtODhWQV8Mvj9xuhBNOhMYMKdVx7Fh7KZKaYkaykpsoEiM8QD3SMSgQJ8pLJ2dm8MAoXRhG0jyh4USdnUgRV2rIA9PJke6reW8s/ud1Eh2eeSkVcaKJwNNFYcKgjuA4M9ilkmDNhgYQltT8FeI+kghrk2zJhODMn/wXmkfV86pze1ypX+ZpFMEe2AeHwAGnoA6uQQM0AQbP4BWMwLv1Yr1ZH9bntLVg5TO74FdZ3z+k06Yf</latexit>

O7 = Fµ⌫F
µ⌫F⇢�F

⇢�
<latexit sha1_base64="1aOe2ZSqd9HeeIwDHETRwUZ6miY=">AAACLHicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIlQXQsFS3FnB2kJnHDJp2oYmmSHJCGWYF3Ljq4jgoopbn8O0HbC2Xgh8OedeknuCiFGlbXts5VZW19Y38puFre2d3b3i/sGDCmOJSROHLJTtACnCqCBNTTUj7UgSxANGWsHweuK3nohUNBT3ehQRj6O+oD2KkTaSX6wlLkYM3qZ+UknhFYR1P3F57Io4hfXHXzSqHISuon2OZs7c1S+W7LI9LbgMTgYlkFXDL7653RDHnAiNGVKq49iR9hIkNcWMpAU3ViRCeIj6pGNQIE6Ul0y3TeGJUbqwF0pzhIZTdX4iQVypEQ9MJ0d6oBa9ifif14l178JLqIhiTQSePdSLGdQhnEQHu1QSrNnIAMKSmr9CPEASYW0CLpgQnMWVl6F5Vr4sO3fnpWotSyMPjsAxOAUOqIAquAEN0AQYPINXMAYf1ov1bn1aX7PWnJXNHII/ZX3/ACCAqFc=</latexit><latexit sha1_base64="1aOe2ZSqd9HeeIwDHETRwUZ6miY=">AAACLHicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIlQXQsFS3FnB2kJnHDJp2oYmmSHJCGWYF3Ljq4jgoopbn8O0HbC2Xgh8OedeknuCiFGlbXts5VZW19Y38puFre2d3b3i/sGDCmOJSROHLJTtACnCqCBNTTUj7UgSxANGWsHweuK3nohUNBT3ehQRj6O+oD2KkTaSX6wlLkYM3qZ+UknhFYR1P3F57Io4hfXHXzSqHISuon2OZs7c1S+W7LI9LbgMTgYlkFXDL7653RDHnAiNGVKq49iR9hIkNcWMpAU3ViRCeIj6pGNQIE6Ul0y3TeGJUbqwF0pzhIZTdX4iQVypEQ9MJ0d6oBa9ifif14l178JLqIhiTQSePdSLGdQhnEQHu1QSrNnIAMKSmr9CPEASYW0CLpgQnMWVl6F5Vr4sO3fnpWotSyMPjsAxOAUOqIAquAEN0AQYPINXMAYf1ov1bn1aX7PWnJXNHII/ZX3/ACCAqFc=</latexit><latexit sha1_base64="1aOe2ZSqd9HeeIwDHETRwUZ6miY=">AAACLHicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIlQXQsFS3FnB2kJnHDJp2oYmmSHJCGWYF3Ljq4jgoopbn8O0HbC2Xgh8OedeknuCiFGlbXts5VZW19Y38puFre2d3b3i/sGDCmOJSROHLJTtACnCqCBNTTUj7UgSxANGWsHweuK3nohUNBT3ehQRj6O+oD2KkTaSX6wlLkYM3qZ+UknhFYR1P3F57Io4hfXHXzSqHISuon2OZs7c1S+W7LI9LbgMTgYlkFXDL7653RDHnAiNGVKq49iR9hIkNcWMpAU3ViRCeIj6pGNQIE6Ul0y3TeGJUbqwF0pzhIZTdX4iQVypEQ9MJ0d6oBa9ifif14l178JLqIhiTQSePdSLGdQhnEQHu1QSrNnIAMKSmr9CPEASYW0CLpgQnMWVl6F5Vr4sO3fnpWotSyMPjsAxOAUOqIAquAEN0AQYPINXMAYf1ov1bn1aX7PWnJXNHII/ZX3/ACCAqFc=</latexit><latexit sha1_base64="1aOe2ZSqd9HeeIwDHETRwUZ6miY=">AAACLHicbZDNSgMxFIUz9a/Wv6pLN8EiuCozIlQXQsFS3FnB2kJnHDJp2oYmmSHJCGWYF3Ljq4jgoopbn8O0HbC2Xgh8OedeknuCiFGlbXts5VZW19Y38puFre2d3b3i/sGDCmOJSROHLJTtACnCqCBNTTUj7UgSxANGWsHweuK3nohUNBT3ehQRj6O+oD2KkTaSX6wlLkYM3qZ+UknhFYR1P3F57Io4hfXHXzSqHISuon2OZs7c1S+W7LI9LbgMTgYlkFXDL7653RDHnAiNGVKq49iR9hIkNcWMpAU3ViRCeIj6pGNQIE6Ul0y3TeGJUbqwF0pzhIZTdX4iQVypEQ9MJ0d6oBa9ifif14l178JLqIhiTQSePdSLGdQhnEQHu1QSrNnIAMKSmr9CPEASYW0CLpgQnMWVl6F5Vr4sO3fnpWotSyMPjsAxOAUOqIAquAEN0AQYPINXMAYf1ov1bn1aX7PWnJXNHII/ZX3/ACCAqFc=</latexit>

O8 = Fµ⌫F
⌫⇢F⇢�F

�µ
<latexit sha1_base64="4nB4/cPjhTS30FWVVt4Xw727iIU="></latexit><latexit sha1_base64="4nB4/cPjhTS30FWVVt4Xw727iIU="></latexit><latexit sha1_base64="4nB4/cPjhTS30FWVVt4Xw727iIU="></latexit><latexit sha1_base64="4nB4/cPjhTS30FWVVt4Xw727iIU="></latexit>

We consider Einstein-Maxwell theory plus 
higher dimension operator corrections.



A physical bound must be invariant under a 
change of field basis.

gµ⌫ ! gµ⌫ + r1gµ⌫R+ r2Rµ⌫ + r3gµ⌫F
2 + r4F

2
µ⌫

<latexit sha1_base64="XkaPPE+FDrz+IbTd2qcJ9wncWp4=">AAACVHicbZFRSwJBFIVn1yyzMqvHXoYkCATZNaF6E4ro0SRTcG2ZHUcdnJ1dZmYLWfyTvkT/pJeg2VVi1S4MHL57LnfmjBcyKpVlfRlmbie/u1fYLx4cHpWOyyenrzKIBCYdHLBA9DwkCaOcdBRVjPRCQZDvMdL1pvdJv/tOhKQBf1GzkAx8NOZ0RDFSGrllNnZjx48cHs2hI+h4opAQwQfM4CoUrp0FbVgVbh221y3XWcvjWz2FjUT9YbdcsWpWWnBb2CtRAatqueWFMwxw5BOuMENS9m0rVIMYCUUxI/OiE0kSIjxFY9LXkiOfyEGcpjKHl5oM4SgQ+nAFU5qdiJEv5cz3tNNHaiI3ewn8r9eP1Oh2EFMeRopwvFw0ihhUAUwihkMqCFZspgXCguq7QjxBAmGlP6KoQ7A3n7wtOvXaXc1+blSaD6s0CuAcXIArYIMb0ARPoAU6AIMF+DYMwzQ+jR8zZ+aXVtNYzZyBtTJLvwmZseE=</latexit><latexit sha1_base64="XkaPPE+FDrz+IbTd2qcJ9wncWp4=">AAACVHicbZFRSwJBFIVn1yyzMqvHXoYkCATZNaF6E4ro0SRTcG2ZHUcdnJ1dZmYLWfyTvkT/pJeg2VVi1S4MHL57LnfmjBcyKpVlfRlmbie/u1fYLx4cHpWOyyenrzKIBCYdHLBA9DwkCaOcdBRVjPRCQZDvMdL1pvdJv/tOhKQBf1GzkAx8NOZ0RDFSGrllNnZjx48cHs2hI+h4opAQwQfM4CoUrp0FbVgVbh221y3XWcvjWz2FjUT9YbdcsWpWWnBb2CtRAatqueWFMwxw5BOuMENS9m0rVIMYCUUxI/OiE0kSIjxFY9LXkiOfyEGcpjKHl5oM4SgQ+nAFU5qdiJEv5cz3tNNHaiI3ewn8r9eP1Oh2EFMeRopwvFw0ihhUAUwihkMqCFZspgXCguq7QjxBAmGlP6KoQ7A3n7wtOvXaXc1+blSaD6s0CuAcXIArYIMb0ARPoAU6AIMF+DYMwzQ+jR8zZ+aXVtNYzZyBtTJLvwmZseE=</latexit><latexit sha1_base64="XkaPPE+FDrz+IbTd2qcJ9wncWp4=">AAACVHicbZFRSwJBFIVn1yyzMqvHXoYkCATZNaF6E4ro0SRTcG2ZHUcdnJ1dZmYLWfyTvkT/pJeg2VVi1S4MHL57LnfmjBcyKpVlfRlmbie/u1fYLx4cHpWOyyenrzKIBCYdHLBA9DwkCaOcdBRVjPRCQZDvMdL1pvdJv/tOhKQBf1GzkAx8NOZ0RDFSGrllNnZjx48cHs2hI+h4opAQwQfM4CoUrp0FbVgVbh221y3XWcvjWz2FjUT9YbdcsWpWWnBb2CtRAatqueWFMwxw5BOuMENS9m0rVIMYCUUxI/OiE0kSIjxFY9LXkiOfyEGcpjKHl5oM4SgQ+nAFU5qdiJEv5cz3tNNHaiI3ewn8r9eP1Oh2EFMeRopwvFw0ihhUAUwihkMqCFZspgXCguq7QjxBAmGlP6KoQ7A3n7wtOvXaXc1+blSaD6s0CuAcXIArYIMb0ARPoAU6AIMF+DYMwzQ+jR8zZ+aXVtNYzZyBtTJLvwmZseE=</latexit><latexit sha1_base64="XkaPPE+FDrz+IbTd2qcJ9wncWp4=">AAACVHicbZFRSwJBFIVn1yyzMqvHXoYkCATZNaF6E4ro0SRTcG2ZHUcdnJ1dZmYLWfyTvkT/pJeg2VVi1S4MHL57LnfmjBcyKpVlfRlmbie/u1fYLx4cHpWOyyenrzKIBCYdHLBA9DwkCaOcdBRVjPRCQZDvMdL1pvdJv/tOhKQBf1GzkAx8NOZ0RDFSGrllNnZjx48cHs2hI+h4opAQwQfM4CoUrp0FbVgVbh221y3XWcvjWz2FjUT9YbdcsWpWWnBb2CtRAatqueWFMwxw5BOuMENS9m0rVIMYCUUxI/OiE0kSIjxFY9LXkiOfyEGcpjKHl5oM4SgQ+nAFU5qdiJEv5cz3tNNHaiI3ewn8r9eP1Oh2EFMeRopwvFw0ihhUAUwihkMqCFZspgXCguq7QjxBAmGlP6KoQ7A3n7wtOvXaXc1+blSaD6s0CuAcXIArYIMb0ARPoAU6AIMF+DYMwzQ+jR8zZ+aXVtNYzZyBtTJLvwmZseE=</latexit>



A physical bound must be invariant under a 
change of field basis.

gµ⌫ ! gµ⌫ + r1gµ⌫R+ r2Rµ⌫ + r3gµ⌫F
2 + r4F

2
µ⌫

<latexit sha1_base64="XkaPPE+FDrz+IbTd2qcJ9wncWp4=">AAACVHicbZFRSwJBFIVn1yyzMqvHXoYkCATZNaF6E4ro0SRTcG2ZHUcdnJ1dZmYLWfyTvkT/pJeg2VVi1S4MHL57LnfmjBcyKpVlfRlmbie/u1fYLx4cHpWOyyenrzKIBCYdHLBA9DwkCaOcdBRVjPRCQZDvMdL1pvdJv/tOhKQBf1GzkAx8NOZ0RDFSGrllNnZjx48cHs2hI+h4opAQwQfM4CoUrp0FbVgVbh221y3XWcvjWz2FjUT9YbdcsWpWWnBb2CtRAatqueWFMwxw5BOuMENS9m0rVIMYCUUxI/OiE0kSIjxFY9LXkiOfyEGcpjKHl5oM4SgQ+nAFU5qdiJEv5cz3tNNHaiI3ewn8r9eP1Oh2EFMeRopwvFw0ihhUAUwihkMqCFZspgXCguq7QjxBAmGlP6KoQ7A3n7wtOvXaXc1+blSaD6s0CuAcXIArYIMb0ARPoAU6AIMF+DYMwzQ+jR8zZ+aXVtNYzZyBtTJLvwmZseE=</latexit><latexit sha1_base64="XkaPPE+FDrz+IbTd2qcJ9wncWp4=">AAACVHicbZFRSwJBFIVn1yyzMqvHXoYkCATZNaF6E4ro0SRTcG2ZHUcdnJ1dZmYLWfyTvkT/pJeg2VVi1S4MHL57LnfmjBcyKpVlfRlmbie/u1fYLx4cHpWOyyenrzKIBCYdHLBA9DwkCaOcdBRVjPRCQZDvMdL1pvdJv/tOhKQBf1GzkAx8NOZ0RDFSGrllNnZjx48cHs2hI+h4opAQwQfM4CoUrp0FbVgVbh221y3XWcvjWz2FjUT9YbdcsWpWWnBb2CtRAatqueWFMwxw5BOuMENS9m0rVIMYCUUxI/OiE0kSIjxFY9LXkiOfyEGcpjKHl5oM4SgQ+nAFU5qdiJEv5cz3tNNHaiI3ewn8r9eP1Oh2EFMeRopwvFw0ihhUAUwihkMqCFZspgXCguq7QjxBAmGlP6KoQ7A3n7wtOvXaXc1+blSaD6s0CuAcXIArYIMb0ARPoAU6AIMF+DYMwzQ+jR8zZ+aXVtNYzZyBtTJLvwmZseE=</latexit><latexit sha1_base64="XkaPPE+FDrz+IbTd2qcJ9wncWp4=">AAACVHicbZFRSwJBFIVn1yyzMqvHXoYkCATZNaF6E4ro0SRTcG2ZHUcdnJ1dZmYLWfyTvkT/pJeg2VVi1S4MHL57LnfmjBcyKpVlfRlmbie/u1fYLx4cHpWOyyenrzKIBCYdHLBA9DwkCaOcdBRVjPRCQZDvMdL1pvdJv/tOhKQBf1GzkAx8NOZ0RDFSGrllNnZjx48cHs2hI+h4opAQwQfM4CoUrp0FbVgVbh221y3XWcvjWz2FjUT9YbdcsWpWWnBb2CtRAatqueWFMwxw5BOuMENS9m0rVIMYCUUxI/OiE0kSIjxFY9LXkiOfyEGcpjKHl5oM4SgQ+nAFU5qdiJEv5cz3tNNHaiI3ewn8r9eP1Oh2EFMeRopwvFw0ihhUAUwihkMqCFZspgXCguq7QjxBAmGlP6KoQ7A3n7wtOvXaXc1+blSaD6s0CuAcXIArYIMb0ARPoAU6AIMF+DYMwzQ+jR8zZ+aXVtNYzZyBtTJLvwmZseE=</latexit><latexit sha1_base64="XkaPPE+FDrz+IbTd2qcJ9wncWp4=">AAACVHicbZFRSwJBFIVn1yyzMqvHXoYkCATZNaF6E4ro0SRTcG2ZHUcdnJ1dZmYLWfyTvkT/pJeg2VVi1S4MHL57LnfmjBcyKpVlfRlmbie/u1fYLx4cHpWOyyenrzKIBCYdHLBA9DwkCaOcdBRVjPRCQZDvMdL1pvdJv/tOhKQBf1GzkAx8NOZ0RDFSGrllNnZjx48cHs2hI+h4opAQwQfM4CoUrp0FbVgVbh221y3XWcvjWz2FjUT9YbdcsWpWWnBb2CtRAatqueWFMwxw5BOuMENS9m0rVIMYCUUxI/OiE0kSIjxFY9LXkiOfyEGcpjKHl5oM4SgQ+nAFU5qdiJEv5cz3tNNHaiI3ewn8r9eP1Oh2EFMeRopwvFw0ihhUAUwihkMqCFZspgXCguq7QjxBAmGlP6KoQ7A3n7wtOvXaXc1+blSaD6s0CuAcXIArYIMb0ARPoAU6AIMF+DYMwzQ+jR8zZ+aXVtNYzZyBtTJLvwmZseE=</latexit>

This shifts the operator coefficients by

c1 ! c1 � r2 � r2/2
<latexit sha1_base64="PVydspP26Bt4GuyGq2NN3esAtLs=">AAACCHicbVC7TsMwFHXKq5RXgJHFokJiaUkqJGCrBANjkQit1EaR4zqtVceObAdURV1Z+BUWBkCsfAIbf4ObZoCWI9k6PudeXd8TJowq7TjfVmlpeWV1rbxe2djc2t6xd/fulEglJh4WTMhOiBRhlBNPU81IJ5EExSEj7XB0OfXb90QqKvitHifEj9GA04hipI0U2BAHLuxJOhhqJKV4yN81KIMGrJnrpBHYVafu5ICLxC1IFRRoBfZXry9wGhOuMUNKdV0n0X6GpKaYkUmllyqSIDxCA9I1lKOYKD/LN5nAI6P0YSSkOVzDXP3dkaFYqXEcmsoY6aGa96bif1431dG5n1GepJpwPBsUpQxqAaexwD6VBGs2NgRhSc1fIR4iibA24VVMCO78yovEa9Qv6u7NabV5VaRRBgfgEBwDF5yBJrgGLeABDB7BM3gFb9aT9WK9Wx+z0pJV9OyDP7A+fwA81pet</latexit><latexit sha1_base64="PVydspP26Bt4GuyGq2NN3esAtLs=">AAACCHicbVC7TsMwFHXKq5RXgJHFokJiaUkqJGCrBANjkQit1EaR4zqtVceObAdURV1Z+BUWBkCsfAIbf4ObZoCWI9k6PudeXd8TJowq7TjfVmlpeWV1rbxe2djc2t6xd/fulEglJh4WTMhOiBRhlBNPU81IJ5EExSEj7XB0OfXb90QqKvitHifEj9GA04hipI0U2BAHLuxJOhhqJKV4yN81KIMGrJnrpBHYVafu5ICLxC1IFRRoBfZXry9wGhOuMUNKdV0n0X6GpKaYkUmllyqSIDxCA9I1lKOYKD/LN5nAI6P0YSSkOVzDXP3dkaFYqXEcmsoY6aGa96bif1431dG5n1GepJpwPBsUpQxqAaexwD6VBGs2NgRhSc1fIR4iibA24VVMCO78yovEa9Qv6u7NabV5VaRRBgfgEBwDF5yBJrgGLeABDB7BM3gFb9aT9WK9Wx+z0pJV9OyDP7A+fwA81pet</latexit><latexit sha1_base64="PVydspP26Bt4GuyGq2NN3esAtLs=">AAACCHicbVC7TsMwFHXKq5RXgJHFokJiaUkqJGCrBANjkQit1EaR4zqtVceObAdURV1Z+BUWBkCsfAIbf4ObZoCWI9k6PudeXd8TJowq7TjfVmlpeWV1rbxe2djc2t6xd/fulEglJh4WTMhOiBRhlBNPU81IJ5EExSEj7XB0OfXb90QqKvitHifEj9GA04hipI0U2BAHLuxJOhhqJKV4yN81KIMGrJnrpBHYVafu5ICLxC1IFRRoBfZXry9wGhOuMUNKdV0n0X6GpKaYkUmllyqSIDxCA9I1lKOYKD/LN5nAI6P0YSSkOVzDXP3dkaFYqXEcmsoY6aGa96bif1431dG5n1GepJpwPBsUpQxqAaexwD6VBGs2NgRhSc1fIR4iibA24VVMCO78yovEa9Qv6u7NabV5VaRRBgfgEBwDF5yBJrgGLeABDB7BM3gFb9aT9WK9Wx+z0pJV9OyDP7A+fwA81pet</latexit><latexit sha1_base64="PVydspP26Bt4GuyGq2NN3esAtLs=">AAACCHicbVC7TsMwFHXKq5RXgJHFokJiaUkqJGCrBANjkQit1EaR4zqtVceObAdURV1Z+BUWBkCsfAIbf4ObZoCWI9k6PudeXd8TJowq7TjfVmlpeWV1rbxe2djc2t6xd/fulEglJh4WTMhOiBRhlBNPU81IJ5EExSEj7XB0OfXb90QqKvitHifEj9GA04hipI0U2BAHLuxJOhhqJKV4yN81KIMGrJnrpBHYVafu5ICLxC1IFRRoBfZXry9wGhOuMUNKdV0n0X6GpKaYkUmllyqSIDxCA9I1lKOYKD/LN5nAI6P0YSSkOVzDXP3dkaFYqXEcmsoY6aGa96bif1431dG5n1GepJpwPBsUpQxqAaexwD6VBGs2NgRhSc1fIR4iibA24VVMCO78yovEa9Qv6u7NabV5VaRRBgfgEBwDF5yBJrgGLeABDB7BM3gFb9aT9WK9Wx+z0pJV9OyDP7A+fwA81pet</latexit>

c2 ! c2 + r2
<latexit sha1_base64="J+rvA+UGDpa0TWrQQqYHcW54QKY=">AAACAXicbVBNS8NAEJ34WetX1JN4WSyCIJSkCOqtoAePFYwttCFstpt26WYTdjdKKcWLf8WLBxWv/gtv/hs3bQ7a+mDg7Xsz7MwLU86Udpxva2FxaXlltbRWXt/Y3Nq2d3bvVJJJQj2S8ES2QqwoZ4J6mmlOW6mkOA45bYaDy9xv3lOpWCJu9TClfox7gkWMYG2kwN4nQQ11JOv1NZYyeUD5+wTJoBbYFafqTIDmiVuQChRoBPZXp5uQLKZCE46VartOqv0RlpoRTsflTqZoiskA92jbUIFjqvzR5IQxOjJKF0WJNCU0mqi/J0Y4VmoYh6YzxrqvZr1c/M9rZzo690dMpJmmgkw/ijKOdILyPFCXSUo0HxqCiWRmV0T6WGKiTWplE4I7e/I88WrVi6p7c1qpXxVplOAADuEYXDiDOlxDAzwg8AjP8Apv1pP1Yr1bH9PWBauY2YM/sD5/AGrdlbY=</latexit><latexit sha1_base64="J+rvA+UGDpa0TWrQQqYHcW54QKY=">AAACAXicbVBNS8NAEJ34WetX1JN4WSyCIJSkCOqtoAePFYwttCFstpt26WYTdjdKKcWLf8WLBxWv/gtv/hs3bQ7a+mDg7Xsz7MwLU86Udpxva2FxaXlltbRWXt/Y3Nq2d3bvVJJJQj2S8ES2QqwoZ4J6mmlOW6mkOA45bYaDy9xv3lOpWCJu9TClfox7gkWMYG2kwN4nQQ11JOv1NZYyeUD5+wTJoBbYFafqTIDmiVuQChRoBPZXp5uQLKZCE46VartOqv0RlpoRTsflTqZoiskA92jbUIFjqvzR5IQxOjJKF0WJNCU0mqi/J0Y4VmoYh6YzxrqvZr1c/M9rZzo690dMpJmmgkw/ijKOdILyPFCXSUo0HxqCiWRmV0T6WGKiTWplE4I7e/I88WrVi6p7c1qpXxVplOAADuEYXDiDOlxDAzwg8AjP8Apv1pP1Yr1bH9PWBauY2YM/sD5/AGrdlbY=</latexit><latexit sha1_base64="J+rvA+UGDpa0TWrQQqYHcW54QKY=">AAACAXicbVBNS8NAEJ34WetX1JN4WSyCIJSkCOqtoAePFYwttCFstpt26WYTdjdKKcWLf8WLBxWv/gtv/hs3bQ7a+mDg7Xsz7MwLU86Udpxva2FxaXlltbRWXt/Y3Nq2d3bvVJJJQj2S8ES2QqwoZ4J6mmlOW6mkOA45bYaDy9xv3lOpWCJu9TClfox7gkWMYG2kwN4nQQ11JOv1NZYyeUD5+wTJoBbYFafqTIDmiVuQChRoBPZXp5uQLKZCE46VartOqv0RlpoRTsflTqZoiskA92jbUIFjqvzR5IQxOjJKF0WJNCU0mqi/J0Y4VmoYh6YzxrqvZr1c/M9rZzo690dMpJmmgkw/ijKOdILyPFCXSUo0HxqCiWRmV0T6WGKiTWplE4I7e/I88WrVi6p7c1qpXxVplOAADuEYXDiDOlxDAzwg8AjP8Apv1pP1Yr1bH9PWBauY2YM/sD5/AGrdlbY=</latexit><latexit sha1_base64="J+rvA+UGDpa0TWrQQqYHcW54QKY=">AAACAXicbVBNS8NAEJ34WetX1JN4WSyCIJSkCOqtoAePFYwttCFstpt26WYTdjdKKcWLf8WLBxWv/gtv/hs3bQ7a+mDg7Xsz7MwLU86Udpxva2FxaXlltbRWXt/Y3Nq2d3bvVJJJQj2S8ES2QqwoZ4J6mmlOW6mkOA45bYaDy9xv3lOpWCJu9TClfox7gkWMYG2kwN4nQQ11JOv1NZYyeUD5+wTJoBbYFafqTIDmiVuQChRoBPZXp5uQLKZCE46VartOqv0RlpoRTsflTqZoiskA92jbUIFjqvzR5IQxOjJKF0WJNCU0mqi/J0Y4VmoYh6YzxrqvZr1c/M9rZzo690dMpJmmgkw/ijKOdILyPFCXSUo0HxqCiWRmV0T6WGKiTWplE4I7e/I88WrVi6p7c1qpXxVplOAADuEYXDiDOlxDAzwg8AjP8Apv1pP1Yr1bH9PWBauY2YM/sD5/AGrdlbY=</latexit>

c3 ! c3
<latexit sha1_base64="zeXz8tRO8Acj5PcZYI661SZL5Wo=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIV1FtBDx4rGFtoQ9hsN+3SzSbsbpQQ6l/x4kHFq3/Em//GbZuDtj4YePveDDvzwpQzpR3n21paXlldW69sVDe3tnd27b39e5VkklCPJDyRnRArypmgnmaa004qKY5DTtvh6Gritx+oVCwRdzpPqR/jgWARI1gbKbBrJDhFPckGQ42lTB6ReQd23Wk4U6BF4pakDiVagf3V6ycki6nQhGOluq6Tar/AUjPC6bjayxRNMRnhAe0aKnBMlV9Mlx+jI6P0UZRIU0Kjqfp7osCxUnkcms4Y66Ga9ybif14309GFXzCRZpoKMvsoyjjSCZokgfpMUqJ5bggmkpldERliiYk2eVVNCO78yYvEO2lcNtzbs3rzukyjAgdwCMfgwjk04QZa4AGBHJ7hFd6sJ+vFerc+Zq1LVjlTgz+wPn8AOb2UDg==</latexit><latexit sha1_base64="zeXz8tRO8Acj5PcZYI661SZL5Wo=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIV1FtBDx4rGFtoQ9hsN+3SzSbsbpQQ6l/x4kHFq3/Em//GbZuDtj4YePveDDvzwpQzpR3n21paXlldW69sVDe3tnd27b39e5VkklCPJDyRnRArypmgnmaa004qKY5DTtvh6Gritx+oVCwRdzpPqR/jgWARI1gbKbBrJDhFPckGQ42lTB6ReQd23Wk4U6BF4pakDiVagf3V6ycki6nQhGOluq6Tar/AUjPC6bjayxRNMRnhAe0aKnBMlV9Mlx+jI6P0UZRIU0Kjqfp7osCxUnkcms4Y66Ga9ybif14309GFXzCRZpoKMvsoyjjSCZokgfpMUqJ5bggmkpldERliiYk2eVVNCO78yYvEO2lcNtzbs3rzukyjAgdwCMfgwjk04QZa4AGBHJ7hFd6sJ+vFerc+Zq1LVjlTgz+wPn8AOb2UDg==</latexit><latexit sha1_base64="zeXz8tRO8Acj5PcZYI661SZL5Wo=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIV1FtBDx4rGFtoQ9hsN+3SzSbsbpQQ6l/x4kHFq3/Em//GbZuDtj4YePveDDvzwpQzpR3n21paXlldW69sVDe3tnd27b39e5VkklCPJDyRnRArypmgnmaa004qKY5DTtvh6Gritx+oVCwRdzpPqR/jgWARI1gbKbBrJDhFPckGQ42lTB6ReQd23Wk4U6BF4pakDiVagf3V6ycki6nQhGOluq6Tar/AUjPC6bjayxRNMRnhAe0aKnBMlV9Mlx+jI6P0UZRIU0Kjqfp7osCxUnkcms4Y66Ga9ybif14309GFXzCRZpoKMvsoyjjSCZokgfpMUqJ5bggmkpldERliiYk2eVVNCO78yYvEO2lcNtzbs3rzukyjAgdwCMfgwjk04QZa4AGBHJ7hFd6sJ+vFerc+Zq1LVjlTgz+wPn8AOb2UDg==</latexit><latexit sha1_base64="zeXz8tRO8Acj5PcZYI661SZL5Wo=">AAAB+3icbVBNS8NAEJ34WetXtEcvi0XwVBIV1FtBDx4rGFtoQ9hsN+3SzSbsbpQQ6l/x4kHFq3/Em//GbZuDtj4YePveDDvzwpQzpR3n21paXlldW69sVDe3tnd27b39e5VkklCPJDyRnRArypmgnmaa004qKY5DTtvh6Gritx+oVCwRdzpPqR/jgWARI1gbKbBrJDhFPckGQ42lTB6ReQd23Wk4U6BF4pakDiVagf3V6ycki6nQhGOluq6Tar/AUjPC6bjayxRNMRnhAe0aKnBMlV9Mlx+jI6P0UZRIU0Kjqfp7osCxUnkcms4Y66Ga9ybif14309GFXzCRZpoKMvsoyjjSCZokgfpMUqJ5bggmkpldERliiYk2eVVNCO78yYvEO2lcNtzbs3rzukyjAgdwCMfgwjk04QZa4AGBHJ7hFd6sJ+vFerc+Zq1LVjlTgz+wPn8AOb2UDg==</latexit>

c4 ! c4 + r2/4� r3 � r4/2
<latexit sha1_base64="5Tbm+ju32QLG0v0ZBX1kqGEnQA8=">AAACDnicbVC7TsMwFHXKq5RXgJHFogIhIdqkRAK2SjAwFonQSm0UOa7bWnWcyHZAVdQ/YOFXWBgAsTKz8Tc4bQZoOZKt43Pu1fU9QcyoVJb1bRQWFpeWV4qrpbX1jc0tc3vnTkaJwMTFEYtEK0CSMMqJq6hipBULgsKAkWYwvMz85j0Rkkb8Vo1i4oWoz2mPYqS05JuH2HdgR9D+QCEhogeYvY+FX6s68ET4p9nlVGu+WbYq1gRwntg5KYMcDd/86nQjnISEK8yQlG3bipWXIqEoZmRc6iSSxAgPUZ+0NeUoJNJLJ/uM4YFWurAXCX24ghP1d0eKQilHYaArQ6QGctbLxP+8dqJ6515KeZwowvF0UC9hUEUwCwd2qSBYsZEmCAuq/wrxAAmElY6wpEOwZ1eeJ26tclGxb5xy/SpPowj2wD44AjY4A3VwDRrABRg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4AyayZgw==</latexit><latexit sha1_base64="5Tbm+ju32QLG0v0ZBX1kqGEnQA8=">AAACDnicbVC7TsMwFHXKq5RXgJHFogIhIdqkRAK2SjAwFonQSm0UOa7bWnWcyHZAVdQ/YOFXWBgAsTKz8Tc4bQZoOZKt43Pu1fU9QcyoVJb1bRQWFpeWV4qrpbX1jc0tc3vnTkaJwMTFEYtEK0CSMMqJq6hipBULgsKAkWYwvMz85j0Rkkb8Vo1i4oWoz2mPYqS05JuH2HdgR9D+QCEhogeYvY+FX6s68ET4p9nlVGu+WbYq1gRwntg5KYMcDd/86nQjnISEK8yQlG3bipWXIqEoZmRc6iSSxAgPUZ+0NeUoJNJLJ/uM4YFWurAXCX24ghP1d0eKQilHYaArQ6QGctbLxP+8dqJ6515KeZwowvF0UC9hUEUwCwd2qSBYsZEmCAuq/wrxAAmElY6wpEOwZ1eeJ26tclGxb5xy/SpPowj2wD44AjY4A3VwDRrABRg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4AyayZgw==</latexit><latexit sha1_base64="5Tbm+ju32QLG0v0ZBX1kqGEnQA8=">AAACDnicbVC7TsMwFHXKq5RXgJHFogIhIdqkRAK2SjAwFonQSm0UOa7bWnWcyHZAVdQ/YOFXWBgAsTKz8Tc4bQZoOZKt43Pu1fU9QcyoVJb1bRQWFpeWV4qrpbX1jc0tc3vnTkaJwMTFEYtEK0CSMMqJq6hipBULgsKAkWYwvMz85j0Rkkb8Vo1i4oWoz2mPYqS05JuH2HdgR9D+QCEhogeYvY+FX6s68ET4p9nlVGu+WbYq1gRwntg5KYMcDd/86nQjnISEK8yQlG3bipWXIqEoZmRc6iSSxAgPUZ+0NeUoJNJLJ/uM4YFWurAXCX24ghP1d0eKQilHYaArQ6QGctbLxP+8dqJ6515KeZwowvF0UC9hUEUwCwd2qSBYsZEmCAuq/wrxAAmElY6wpEOwZ1eeJ26tclGxb5xy/SpPowj2wD44AjY4A3VwDRrABRg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4AyayZgw==</latexit><latexit sha1_base64="5Tbm+ju32QLG0v0ZBX1kqGEnQA8=">AAACDnicbVC7TsMwFHXKq5RXgJHFogIhIdqkRAK2SjAwFonQSm0UOa7bWnWcyHZAVdQ/YOFXWBgAsTKz8Tc4bQZoOZKt43Pu1fU9QcyoVJb1bRQWFpeWV4qrpbX1jc0tc3vnTkaJwMTFEYtEK0CSMMqJq6hipBULgsKAkWYwvMz85j0Rkkb8Vo1i4oWoz2mPYqS05JuH2HdgR9D+QCEhogeYvY+FX6s68ET4p9nlVGu+WbYq1gRwntg5KYMcDd/86nQjnISEK8yQlG3bipWXIqEoZmRc6iSSxAgPUZ+0NeUoJNJLJ/uM4YFWurAXCX24ghP1d0eKQilHYaArQ6QGctbLxP+8dqJ6515KeZwowvF0UC9hUEUwCwd2qSBYsZEmCAuq/wrxAAmElY6wpEOwZ1eeJ26tclGxb5xy/SpPowj2wD44AjY4A3VwDRrABRg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4AyayZgw==</latexit>

c5 ! c5 � r2 + r4
<latexit sha1_base64="oNmEaTkV8vCqkIkQJwNGaCNc34s=">AAACBnicbVDLSgMxFM3UV62vUZeCBIsgiGWmVNRdQRcuKzi20A5DJs20oZlkSDJKGbpz46+4caHi1m9w59+YtrPQ1gMXTs65l9x7woRRpR3n2yosLC4trxRXS2vrG5tb9vbOnRKpxMTDggnZCpEijHLiaaoZaSWSoDhkpBkOLsd+855IRQW/1cOE+DHqcRpRjLSRAnsfB6ewI2mvr5GU4gGO3ydQBlV4LINaYJedijMBnCduTsogRyOwvzpdgdOYcI0ZUqrtOon2MyQ1xYyMSp1UkQThAeqRtqEcxUT52eSOETw0ShdGQpriGk7U3xMZipUaxqHpjJHuq1lvLP7ntVMdnfsZ5UmqCcfTj6KUQS3gOBTYpZJgzYaGICyp2RXiPpIIaxNdyYTgzp48T7xq5aLi3tTK9as8jSLYAwfgCLjgDNTBNWgAD2DwCJ7BK3iznqwX6936mLYWrHxmF/yB9fkDWQ+XQA==</latexit><latexit sha1_base64="oNmEaTkV8vCqkIkQJwNGaCNc34s=">AAACBnicbVDLSgMxFM3UV62vUZeCBIsgiGWmVNRdQRcuKzi20A5DJs20oZlkSDJKGbpz46+4caHi1m9w59+YtrPQ1gMXTs65l9x7woRRpR3n2yosLC4trxRXS2vrG5tb9vbOnRKpxMTDggnZCpEijHLiaaoZaSWSoDhkpBkOLsd+855IRQW/1cOE+DHqcRpRjLSRAnsfB6ewI2mvr5GU4gGO3ydQBlV4LINaYJedijMBnCduTsogRyOwvzpdgdOYcI0ZUqrtOon2MyQ1xYyMSp1UkQThAeqRtqEcxUT52eSOETw0ShdGQpriGk7U3xMZipUaxqHpjJHuq1lvLP7ntVMdnfsZ5UmqCcfTj6KUQS3gOBTYpZJgzYaGICyp2RXiPpIIaxNdyYTgzp48T7xq5aLi3tTK9as8jSLYAwfgCLjgDNTBNWgAD2DwCJ7BK3iznqwX6936mLYWrHxmF/yB9fkDWQ+XQA==</latexit><latexit sha1_base64="oNmEaTkV8vCqkIkQJwNGaCNc34s=">AAACBnicbVDLSgMxFM3UV62vUZeCBIsgiGWmVNRdQRcuKzi20A5DJs20oZlkSDJKGbpz46+4caHi1m9w59+YtrPQ1gMXTs65l9x7woRRpR3n2yosLC4trxRXS2vrG5tb9vbOnRKpxMTDggnZCpEijHLiaaoZaSWSoDhkpBkOLsd+855IRQW/1cOE+DHqcRpRjLSRAnsfB6ewI2mvr5GU4gGO3ydQBlV4LINaYJedijMBnCduTsogRyOwvzpdgdOYcI0ZUqrtOon2MyQ1xYyMSp1UkQThAeqRtqEcxUT52eSOETw0ShdGQpriGk7U3xMZipUaxqHpjJHuq1lvLP7ntVMdnfsZ5UmqCcfTj6KUQS3gOBTYpZJgzYaGICyp2RXiPpIIaxNdyYTgzp48T7xq5aLi3tTK9as8jSLYAwfgCLjgDNTBNWgAD2DwCJ7BK3iznqwX6936mLYWrHxmF/yB9fkDWQ+XQA==</latexit><latexit sha1_base64="oNmEaTkV8vCqkIkQJwNGaCNc34s=">AAACBnicbVDLSgMxFM3UV62vUZeCBIsgiGWmVNRdQRcuKzi20A5DJs20oZlkSDJKGbpz46+4caHi1m9w59+YtrPQ1gMXTs65l9x7woRRpR3n2yosLC4trxRXS2vrG5tb9vbOnRKpxMTDggnZCpEijHLiaaoZaSWSoDhkpBkOLsd+855IRQW/1cOE+DHqcRpRjLSRAnsfB6ewI2mvr5GU4gGO3ydQBlV4LINaYJedijMBnCduTsogRyOwvzpdgdOYcI0ZUqrtOon2MyQ1xYyMSp1UkQThAeqRtqEcxUT52eSOETw0ShdGQpriGk7U3xMZipUaxqHpjJHuq1lvLP7ntVMdnfsZ5UmqCcfTj6KUQS3gOBTYpZJgzYaGICyp2RXiPpIIaxNdyYTgzp48T7xq5aLi3tTK9as8jSLYAwfgCLjgDNTBNWgAD2DwCJ7BK3iznqwX6936mLYWrHxmF/yB9fkDWQ+XQA==</latexit>

c6 ! c6
<latexit sha1_base64="Zd5XaAWg9XPj1jik1u33vu5eUzo=">AAAB+3icbVDLSsNAFL3xWesr2qWbwSK4KomIj11BFy4rGFtoQ5hMJ+3QySTMTJQQ6q+4caHi1h9x5984bbPQ1gMXzpxzL3PvCVPOlHacb2tpeWV1bb2yUd3c2t7Ztff271WSSUI9kvBEdkKsKGeCepppTjuppDgOOW2Ho6uJ336gUrFE3Ok8pX6MB4JFjGBtpMCukeAM9SQbDDWWMnlE5h3YdafhTIEWiVuSOpRoBfZXr5+QLKZCE46V6rpOqv0CS80Ip+NqL1M0xWSEB7RrqMAxVX4xXX6MjozSR1EiTQmNpurviQLHSuVxaDpjrIdq3puI/3ndTEcXfsFEmmkqyOyjKONIJ2iSBOozSYnmuSGYSGZ2RWSIJSba5FU1IbjzJy8S76Rx2XBvT+vN6zKNChzAIRyDC+fQhBtogQcEcniGV3iznqwX6936mLUuWeVMDf7A+vwBQv+UFA==</latexit><latexit sha1_base64="Zd5XaAWg9XPj1jik1u33vu5eUzo=">AAAB+3icbVDLSsNAFL3xWesr2qWbwSK4KomIj11BFy4rGFtoQ5hMJ+3QySTMTJQQ6q+4caHi1h9x5984bbPQ1gMXzpxzL3PvCVPOlHacb2tpeWV1bb2yUd3c2t7Ztff271WSSUI9kvBEdkKsKGeCepppTjuppDgOOW2Ho6uJ336gUrFE3Ok8pX6MB4JFjGBtpMCukeAM9SQbDDWWMnlE5h3YdafhTIEWiVuSOpRoBfZXr5+QLKZCE46V6rpOqv0CS80Ip+NqL1M0xWSEB7RrqMAxVX4xXX6MjozSR1EiTQmNpurviQLHSuVxaDpjrIdq3puI/3ndTEcXfsFEmmkqyOyjKONIJ2iSBOozSYnmuSGYSGZ2RWSIJSba5FU1IbjzJy8S76Rx2XBvT+vN6zKNChzAIRyDC+fQhBtogQcEcniGV3iznqwX6936mLUuWeVMDf7A+vwBQv+UFA==</latexit><latexit sha1_base64="Zd5XaAWg9XPj1jik1u33vu5eUzo=">AAAB+3icbVDLSsNAFL3xWesr2qWbwSK4KomIj11BFy4rGFtoQ5hMJ+3QySTMTJQQ6q+4caHi1h9x5984bbPQ1gMXzpxzL3PvCVPOlHacb2tpeWV1bb2yUd3c2t7Ztff271WSSUI9kvBEdkKsKGeCepppTjuppDgOOW2Ho6uJ336gUrFE3Ok8pX6MB4JFjGBtpMCukeAM9SQbDDWWMnlE5h3YdafhTIEWiVuSOpRoBfZXr5+QLKZCE46V6rpOqv0CS80Ip+NqL1M0xWSEB7RrqMAxVX4xXX6MjozSR1EiTQmNpurviQLHSuVxaDpjrIdq3puI/3ndTEcXfsFEmmkqyOyjKONIJ2iSBOozSYnmuSGYSGZ2RWSIJSba5FU1IbjzJy8S76Rx2XBvT+vN6zKNChzAIRyDC+fQhBtogQcEcniGV3iznqwX6936mLUuWeVMDf7A+vwBQv+UFA==</latexit><latexit sha1_base64="Zd5XaAWg9XPj1jik1u33vu5eUzo=">AAAB+3icbVDLSsNAFL3xWesr2qWbwSK4KomIj11BFy4rGFtoQ5hMJ+3QySTMTJQQ6q+4caHi1h9x5984bbPQ1gMXzpxzL3PvCVPOlHacb2tpeWV1bb2yUd3c2t7Ztff271WSSUI9kvBEdkKsKGeCepppTjuppDgOOW2Ho6uJ336gUrFE3Ok8pX6MB4JFjGBtpMCukeAM9SQbDDWWMnlE5h3YdafhTIEWiVuSOpRoBfZXr5+QLKZCE46V6rpOqv0CS80Ip+NqL1M0xWSEB7RrqMAxVX4xXX6MjozSR1EiTQmNpurviQLHSuVxaDpjrIdq3puI/3ndTEcXfsFEmmkqyOyjKONIJ2iSBOozSYnmuSGYSGZ2RWSIJSba5FU1IbjzJy8S76Rx2XBvT+vN6zKNChzAIRyDC+fQhBtogQcEcniGV3iznqwX6936mLUuWeVMDf7A+vwBQv+UFA==</latexit>

c7 ! c7 + r4/4
<latexit sha1_base64="OrvYrYmzoM+CaST8+4t8YE7p4lE=">AAACA3icbVDLSgMxFM34rPU16rKbYBEEoc5Iobor6MJlBccW2mHIpJk2NJMMSUYpQxdu/BU3LlTc+hPu/Bsz7Sy09cCFk3PuJfeeMGFUacf5tpaWV1bX1ksb5c2t7Z1de2//TolUYuJhwYTshEgRRjnxNNWMdBJJUBwy0g5Hl7nfvidSUcFv9TghfowGnEYUI22kwK7goAF7kg6GGkkpHmD+PoEyqJ/WA7vq1Jwp4CJxC1IFBVqB/dXrC5zGhGvMkFJd10m0nyGpKWZkUu6liiQIj9CAdA3lKCbKz6ZHTOCRUfowEtIU13Cq/p7IUKzUOA5NZ4z0UM17ufif1011dO5nlCepJhzPPopSBrWAeSKwTyXBmo0NQVhSsyvEQyQR1ia3sgnBnT95kXhntYuae1OvNq+KNEqgAg7BMXBBAzTBNWgBD2DwCJ7BK3iznqwX6936mLUuWcXMAfgD6/MHbmiWOQ==</latexit><latexit sha1_base64="OrvYrYmzoM+CaST8+4t8YE7p4lE=">AAACA3icbVDLSgMxFM34rPU16rKbYBEEoc5Iobor6MJlBccW2mHIpJk2NJMMSUYpQxdu/BU3LlTc+hPu/Bsz7Sy09cCFk3PuJfeeMGFUacf5tpaWV1bX1ksb5c2t7Z1de2//TolUYuJhwYTshEgRRjnxNNWMdBJJUBwy0g5Hl7nfvidSUcFv9TghfowGnEYUI22kwK7goAF7kg6GGkkpHmD+PoEyqJ/WA7vq1Jwp4CJxC1IFBVqB/dXrC5zGhGvMkFJd10m0nyGpKWZkUu6liiQIj9CAdA3lKCbKz6ZHTOCRUfowEtIU13Cq/p7IUKzUOA5NZ4z0UM17ufif1011dO5nlCepJhzPPopSBrWAeSKwTyXBmo0NQVhSsyvEQyQR1ia3sgnBnT95kXhntYuae1OvNq+KNEqgAg7BMXBBAzTBNWgBD2DwCJ7BK3iznqwX6936mLUuWcXMAfgD6/MHbmiWOQ==</latexit><latexit sha1_base64="OrvYrYmzoM+CaST8+4t8YE7p4lE=">AAACA3icbVDLSgMxFM34rPU16rKbYBEEoc5Iobor6MJlBccW2mHIpJk2NJMMSUYpQxdu/BU3LlTc+hPu/Bsz7Sy09cCFk3PuJfeeMGFUacf5tpaWV1bX1ksb5c2t7Z1de2//TolUYuJhwYTshEgRRjnxNNWMdBJJUBwy0g5Hl7nfvidSUcFv9TghfowGnEYUI22kwK7goAF7kg6GGkkpHmD+PoEyqJ/WA7vq1Jwp4CJxC1IFBVqB/dXrC5zGhGvMkFJd10m0nyGpKWZkUu6liiQIj9CAdA3lKCbKz6ZHTOCRUfowEtIU13Cq/p7IUKzUOA5NZ4z0UM17ufif1011dO5nlCepJhzPPopSBrWAeSKwTyXBmo0NQVhSsyvEQyQR1ia3sgnBnT95kXhntYuae1OvNq+KNEqgAg7BMXBBAzTBNWgBD2DwCJ7BK3iznqwX6936mLUuWcXMAfgD6/MHbmiWOQ==</latexit><latexit sha1_base64="OrvYrYmzoM+CaST8+4t8YE7p4lE=">AAACA3icbVDLSgMxFM34rPU16rKbYBEEoc5Iobor6MJlBccW2mHIpJk2NJMMSUYpQxdu/BU3LlTc+hPu/Bsz7Sy09cCFk3PuJfeeMGFUacf5tpaWV1bX1ksb5c2t7Z1de2//TolUYuJhwYTshEgRRjnxNNWMdBJJUBwy0g5Hl7nfvidSUcFv9TghfowGnEYUI22kwK7goAF7kg6GGkkpHmD+PoEyqJ/WA7vq1Jwp4CJxC1IFBVqB/dXrC5zGhGvMkFJd10m0nyGpKWZkUu6liiQIj9CAdA3lKCbKz6ZHTOCRUfowEtIU13Cq/p7IUKzUOA5NZ4z0UM17ufif1011dO5nlCepJhzPPopSBrWAeSKwTyXBmo0NQVhSsyvEQyQR1ia3sgnBnT95kXhntYuae1OvNq+KNEqgAg7BMXBBAzTBNWgBD2DwCJ7BK3iznqwX6936mLUuWcXMAfgD6/MHbmiWOQ==</latexit>

c8 ! c8 � r4
<latexit sha1_base64="oVGbv/mHVZ4fiVrWlhHrtZhwTEs=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEN5YZKVh3BV24rODYQjsMmTTThmaSIckoZShu/BU3LlTc+hfu/Bsz7Sy09cCFk3PuJfeeMGFUacf5tkpLyyura+X1ysbm1vaOvbt3p0QqMfGwYEJ2QqQIo5x4mmpGOokkKA4ZaYejy9xv3xOpqOC3epwQP0YDTiOKkTZSYB/goAF7kg6GGkkpHmD+PoUyqAd21ak5U8BF4hakCgq0Avur1xc4jQnXmCGluq6TaD9DUlPMyKTSSxVJEB6hAekaylFMlJ9NT5jAY6P0YSSkKa7hVP09kaFYqXEcms4Y6aGa93LxP6+b6qjhZ5QnqSYczz6KUga1gHkesE8lwZqNDUFYUrMrxEMkEdYmtYoJwZ0/eZF4Z7WLmntTrzavijTK4BAcgRPggnPQBNegBTyAwSN4Bq/gzXqyXqx362PWWrKKmX3wB9bnD4O9lcY=</latexit><latexit sha1_base64="oVGbv/mHVZ4fiVrWlhHrtZhwTEs=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEN5YZKVh3BV24rODYQjsMmTTThmaSIckoZShu/BU3LlTc+hfu/Bsz7Sy09cCFk3PuJfeeMGFUacf5tkpLyyura+X1ysbm1vaOvbt3p0QqMfGwYEJ2QqQIo5x4mmpGOokkKA4ZaYejy9xv3xOpqOC3epwQP0YDTiOKkTZSYB/goAF7kg6GGkkpHmD+PoUyqAd21ak5U8BF4hakCgq0Avur1xc4jQnXmCGluq6TaD9DUlPMyKTSSxVJEB6hAekaylFMlJ9NT5jAY6P0YSSkKa7hVP09kaFYqXEcms4Y6aGa93LxP6+b6qjhZ5QnqSYczz6KUga1gHkesE8lwZqNDUFYUrMrxEMkEdYmtYoJwZ0/eZF4Z7WLmntTrzavijTK4BAcgRPggnPQBNegBTyAwSN4Bq/gzXqyXqx362PWWrKKmX3wB9bnD4O9lcY=</latexit><latexit sha1_base64="oVGbv/mHVZ4fiVrWlhHrtZhwTEs=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEN5YZKVh3BV24rODYQjsMmTTThmaSIckoZShu/BU3LlTc+hfu/Bsz7Sy09cCFk3PuJfeeMGFUacf5tkpLyyura+X1ysbm1vaOvbt3p0QqMfGwYEJ2QqQIo5x4mmpGOokkKA4ZaYejy9xv3xOpqOC3epwQP0YDTiOKkTZSYB/goAF7kg6GGkkpHmD+PoUyqAd21ak5U8BF4hakCgq0Avur1xc4jQnXmCGluq6TaD9DUlPMyKTSSxVJEB6hAekaylFMlJ9NT5jAY6P0YSSkKa7hVP09kaFYqXEcms4Y6aGa93LxP6+b6qjhZ5QnqSYczz6KUga1gHkesE8lwZqNDUFYUrMrxEMkEdYmtYoJwZ0/eZF4Z7WLmntTrzavijTK4BAcgRPggnPQBNegBTyAwSN4Bq/gzXqyXqx362PWWrKKmX3wB9bnD4O9lcY=</latexit><latexit sha1_base64="oVGbv/mHVZ4fiVrWlhHrtZhwTEs=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEN5YZKVh3BV24rODYQjsMmTTThmaSIckoZShu/BU3LlTc+hfu/Bsz7Sy09cCFk3PuJfeeMGFUacf5tkpLyyura+X1ysbm1vaOvbt3p0QqMfGwYEJ2QqQIo5x4mmpGOokkKA4ZaYejy9xv3xOpqOC3epwQP0YDTiOKkTZSYB/goAF7kg6GGkkpHmD+PoUyqAd21ak5U8BF4hakCgq0Avur1xc4jQnXmCGluq6TaD9DUlPMyKTSSxVJEB6hAekaylFMlJ9NT5jAY6P0YSSkKa7hVP09kaFYqXEcms4Y6aGa93LxP6+b6qjhZ5QnqSYczz6KUga1gHkesE8lwZqNDUFYUrMrxEMkEdYmtYoJwZ0/eZF4Z7WLmntTrzavijTK4BAcgRPggnPQBNegBTyAwSN4Bq/gzXqyXqx362PWWrKKmX3wB9bnD4O9lcY=</latexit>



c3
<latexit sha1_base64="PAKkufI2Az327/4jwHoceoNqg14=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG8FPXisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemEph0HW/nNLS8srqWnm9srG5tb1T3d17MEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjq6nfeuTaiETd4zjlQUwHSkSCUbTSHeud9qo1t+7OQP4SryA1KNDsVT+7/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUKOrNInUaJtKSQz9edETmNjxnFoO2OKQ7PoTcX/vE6G0UWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb78l/gn9cu6d3tWa1wXaZThAA7hGDw4hwbcQBN8YDCAJ3iBV0c6z86b8z5vLTnFzD78gvPxDV0sjWM=</latexit><latexit sha1_base64="PAKkufI2Az327/4jwHoceoNqg14=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG8FPXisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemEph0HW/nNLS8srqWnm9srG5tb1T3d17MEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjq6nfeuTaiETd4zjlQUwHSkSCUbTSHeud9qo1t+7OQP4SryA1KNDsVT+7/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUKOrNInUaJtKSQz9edETmNjxnFoO2OKQ7PoTcX/vE6G0UWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb78l/gn9cu6d3tWa1wXaZThAA7hGDw4hwbcQBN8YDCAJ3iBV0c6z86b8z5vLTnFzD78gvPxDV0sjWM=</latexit><latexit sha1_base64="PAKkufI2Az327/4jwHoceoNqg14=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG8FPXisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemEph0HW/nNLS8srqWnm9srG5tb1T3d17MEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjq6nfeuTaiETd4zjlQUwHSkSCUbTSHeud9qo1t+7OQP4SryA1KNDsVT+7/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUKOrNInUaJtKSQz9edETmNjxnFoO2OKQ7PoTcX/vE6G0UWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb78l/gn9cu6d3tWa1wXaZThAA7hGDw4hwbcQBN8YDCAJ3iBV0c6z86b8z5vLTnFzD78gvPxDV0sjWM=</latexit><latexit sha1_base64="PAKkufI2Az327/4jwHoceoNqg14=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG8FPXisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemEph0HW/nNLS8srqWnm9srG5tb1T3d17MEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjq6nfeuTaiETd4zjlQUwHSkSCUbTSHeud9qo1t+7OQP4SryA1KNDsVT+7/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUKOrNInUaJtKSQz9edETmNjxnFoO2OKQ7PoTcX/vE6G0UWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb78l/gn9cu6d3tWa1wXaZThAA7hGDw4hwbcQBN8YDCAJ3iBV0c6z86b8z5vLTnFzD78gvPxDV0sjWM=</latexit>

c6
<latexit sha1_base64="Usox6GOWubTmwcHtdlQyh83w9+0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgV9OCxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqZ+65FrIxJ1j+OUBzEdKBEJRtFKd6x31qvW3Lo7A/lLvILUoECzV/3s9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns1Ak5skqfRIm2pZDM1J8TOY2NGceh7YwpDs2iNxX/8zoZRhdBLlSaIVdsvijKJMGETP8mfaE5Qzm2hDIt7K2EDammDG06FRuCt/jyX+Kf1C/r3u1prXFdpFGGAziEY/DgHBpwA03wgcEAnuAFXh3pPDtvzvu8teQUM/vwC87HN2G1jWY=</latexit><latexit sha1_base64="Usox6GOWubTmwcHtdlQyh83w9+0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgV9OCxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqZ+65FrIxJ1j+OUBzEdKBEJRtFKd6x31qvW3Lo7A/lLvILUoECzV/3s9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns1Ak5skqfRIm2pZDM1J8TOY2NGceh7YwpDs2iNxX/8zoZRhdBLlSaIVdsvijKJMGETP8mfaE5Qzm2hDIt7K2EDammDG06FRuCt/jyX+Kf1C/r3u1prXFdpFGGAziEY/DgHBpwA03wgcEAnuAFXh3pPDtvzvu8teQUM/vwC87HN2G1jWY=</latexit><latexit sha1_base64="Usox6GOWubTmwcHtdlQyh83w9+0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgV9OCxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqZ+65FrIxJ1j+OUBzEdKBEJRtFKd6x31qvW3Lo7A/lLvILUoECzV/3s9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns1Ak5skqfRIm2pZDM1J8TOY2NGceh7YwpDs2iNxX/8zoZRhdBLlSaIVdsvijKJMGETP8mfaE5Qzm2hDIt7K2EDammDG06FRuCt/jyX+Kf1C/r3u1prXFdpFGGAziEY/DgHBpwA03wgcEAnuAFXh3pPDtvzvu8teQUM/vwC87HN2G1jWY=</latexit><latexit sha1_base64="Usox6GOWubTmwcHtdlQyh83w9+0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgV9OCxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqZ+65FrIxJ1j+OUBzEdKBEJRtFKd6x31qvW3Lo7A/lLvILUoECzV/3s9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns1Ak5skqfRIm2pZDM1J8TOY2NGceh7YwpDs2iNxX/8zoZRhdBLlSaIVdsvijKJMGETP8mfaE5Qzm2hDIt7K2EDammDG06FRuCt/jyX+Kf1C/r3u1prXFdpFGGAziEY/DgHBpwA03wgcEAnuAFXh3pPDtvzvu8teQUM/vwC87HN2G1jWY=</latexit>

c0 ⌘ c2 + 4c3 + c5 + c6 + 4c7 + 2c8
<latexit sha1_base64="nF/kYcwSQQCUbJVSWy5PXmmNuWg=">AAACGnicbVBNS8MwGE79nPOr6tFLcAiCMNo63bwN9OBxgnWDrZQ0S7ewNK1JOhhj/8OLf8WLBxVv4sV/Y9b1oJsPJM/D874vyfsECaNSWda3sbS8srq2Xtgobm5t7+yae/v3Mk4FJi6OWSxaAZKEUU5cRRUjrUQQFAWMNIPB1bTeHBIhaczv1CghXoR6nIYUI6Ut33Swb8EOeUjpEGLfgaewovlMM/bPs/si96qaHc013yxZZSsDXBR2LkogR8M3PzvdGKcR4QozJGXbthLljZFQFDMyKXZSSRKEB6hH2lpyFBHpjbPdJvBYO10YxkIfrmDm/p4Yo0jKURTozgipvpyvTc3/au1UhTVvTHmSKsLx7KEwZVDFcBoU7FJBsGIjLRAWVP8V4j4SCCsdZ1GHYM+vvChcp3xZtm8rpfp1nkYBHIIjcAJsUAV1cAMawAUYPIJn8ArejCfjxXg3PmatS0Y+cwD+wPj6AYZhmwk=</latexit><latexit sha1_base64="nF/kYcwSQQCUbJVSWy5PXmmNuWg=">AAACGnicbVBNS8MwGE79nPOr6tFLcAiCMNo63bwN9OBxgnWDrZQ0S7ewNK1JOhhj/8OLf8WLBxVv4sV/Y9b1oJsPJM/D874vyfsECaNSWda3sbS8srq2Xtgobm5t7+yae/v3Mk4FJi6OWSxaAZKEUU5cRRUjrUQQFAWMNIPB1bTeHBIhaczv1CghXoR6nIYUI6Ut33Swb8EOeUjpEGLfgaewovlMM/bPs/si96qaHc013yxZZSsDXBR2LkogR8M3PzvdGKcR4QozJGXbthLljZFQFDMyKXZSSRKEB6hH2lpyFBHpjbPdJvBYO10YxkIfrmDm/p4Yo0jKURTozgipvpyvTc3/au1UhTVvTHmSKsLx7KEwZVDFcBoU7FJBsGIjLRAWVP8V4j4SCCsdZ1GHYM+vvChcp3xZtm8rpfp1nkYBHIIjcAJsUAV1cAMawAUYPIJn8ArejCfjxXg3PmatS0Y+cwD+wPj6AYZhmwk=</latexit><latexit sha1_base64="nF/kYcwSQQCUbJVSWy5PXmmNuWg=">AAACGnicbVBNS8MwGE79nPOr6tFLcAiCMNo63bwN9OBxgnWDrZQ0S7ewNK1JOhhj/8OLf8WLBxVv4sV/Y9b1oJsPJM/D874vyfsECaNSWda3sbS8srq2Xtgobm5t7+yae/v3Mk4FJi6OWSxaAZKEUU5cRRUjrUQQFAWMNIPB1bTeHBIhaczv1CghXoR6nIYUI6Ut33Swb8EOeUjpEGLfgaewovlMM/bPs/si96qaHc013yxZZSsDXBR2LkogR8M3PzvdGKcR4QozJGXbthLljZFQFDMyKXZSSRKEB6hH2lpyFBHpjbPdJvBYO10YxkIfrmDm/p4Yo0jKURTozgipvpyvTc3/au1UhTVvTHmSKsLx7KEwZVDFcBoU7FJBsGIjLRAWVP8V4j4SCCsdZ1GHYM+vvChcp3xZtm8rpfp1nkYBHIIjcAJsUAV1cAMawAUYPIJn8ArejCfjxXg3PmatS0Y+cwD+wPj6AYZhmwk=</latexit><latexit sha1_base64="nF/kYcwSQQCUbJVSWy5PXmmNuWg=">AAACGnicbVBNS8MwGE79nPOr6tFLcAiCMNo63bwN9OBxgnWDrZQ0S7ewNK1JOhhj/8OLf8WLBxVv4sV/Y9b1oJsPJM/D874vyfsECaNSWda3sbS8srq2Xtgobm5t7+yae/v3Mk4FJi6OWSxaAZKEUU5cRRUjrUQQFAWMNIPB1bTeHBIhaczv1CghXoR6nIYUI6Ut33Swb8EOeUjpEGLfgaewovlMM/bPs/si96qaHc013yxZZSsDXBR2LkogR8M3PzvdGKcR4QozJGXbthLljZFQFDMyKXZSSRKEB6hH2lpyFBHpjbPdJvBYO10YxkIfrmDm/p4Yo0jKURTozgipvpyvTc3/au1UhTVvTHmSKsLx7KEwZVDFcBoU7FJBsGIjLRAWVP8V4j4SCCsdZ1GHYM+vvChcp3xZtm8rpfp1nkYBHIIjcAJsUAV1cAMawAUYPIJn8ArejCfjxXg3PmatS0Y+cwD+wPj6AYZhmwk=</latexit>

c9 ⌘ c2 + c5 + c8
<latexit sha1_base64="S+hWaTHmA0jj898eJ9weLOmvenA=">AAACAnicbVDLSsNAFL3xWesr6k43g0UQhJIUxXZX0IXLCsYW2hAm00k7dPJwZlIopeDGX3HjQsWtX+HOv3GaZqGtB+ZyOOde7tzjJ5xJZVnfxtLyyuraemGjuLm1vbNr7u3fyzgVhDok5rFo+VhSziLqKKY4bSWC4tDntOkPrqZ+c0iFZHF0p0YJdUPci1jACFZa8sxD4tVQhz6kbIiIV0Fnul5kteqZJatsZUCLxM5JCXI0PPOr041JGtJIEY6lbNtWotwxFooRTifFTippgskA92hb0wiHVLrj7IYJOtFKFwWx0C9SKFN/T4xxKOUo9HVniFVfzntT8T+vnaqg6o5ZlKSKRmS2KEg5UjGaBoK6TFCi+EgTTATTf0WkjwUmSsdW1CHY8ycvEqdSrpXt2/NS/TpPowBHcAynYMMl1OEGGuAAgUd4hld4M56MF+Pd+Ji1Lhn5zAH8gfH5A2vPlQE=</latexit><latexit sha1_base64="S+hWaTHmA0jj898eJ9weLOmvenA=">AAACAnicbVDLSsNAFL3xWesr6k43g0UQhJIUxXZX0IXLCsYW2hAm00k7dPJwZlIopeDGX3HjQsWtX+HOv3GaZqGtB+ZyOOde7tzjJ5xJZVnfxtLyyuraemGjuLm1vbNr7u3fyzgVhDok5rFo+VhSziLqKKY4bSWC4tDntOkPrqZ+c0iFZHF0p0YJdUPci1jACFZa8sxD4tVQhz6kbIiIV0Fnul5kteqZJatsZUCLxM5JCXI0PPOr041JGtJIEY6lbNtWotwxFooRTifFTippgskA92hb0wiHVLrj7IYJOtFKFwWx0C9SKFN/T4xxKOUo9HVniFVfzntT8T+vnaqg6o5ZlKSKRmS2KEg5UjGaBoK6TFCi+EgTTATTf0WkjwUmSsdW1CHY8ycvEqdSrpXt2/NS/TpPowBHcAynYMMl1OEGGuAAgUd4hld4M56MF+Pd+Ji1Lhn5zAH8gfH5A2vPlQE=</latexit><latexit sha1_base64="S+hWaTHmA0jj898eJ9weLOmvenA=">AAACAnicbVDLSsNAFL3xWesr6k43g0UQhJIUxXZX0IXLCsYW2hAm00k7dPJwZlIopeDGX3HjQsWtX+HOv3GaZqGtB+ZyOOde7tzjJ5xJZVnfxtLyyuraemGjuLm1vbNr7u3fyzgVhDok5rFo+VhSziLqKKY4bSWC4tDntOkPrqZ+c0iFZHF0p0YJdUPci1jACFZa8sxD4tVQhz6kbIiIV0Fnul5kteqZJatsZUCLxM5JCXI0PPOr041JGtJIEY6lbNtWotwxFooRTifFTippgskA92hb0wiHVLrj7IYJOtFKFwWx0C9SKFN/T4xxKOUo9HVniFVfzntT8T+vnaqg6o5ZlKSKRmS2KEg5UjGaBoK6TFCi+EgTTATTf0WkjwUmSsdW1CHY8ycvEqdSrpXt2/NS/TpPowBHcAynYMMl1OEGGuAAgUd4hld4M56MF+Pd+Ji1Lhn5zAH8gfH5A2vPlQE=</latexit><latexit sha1_base64="S+hWaTHmA0jj898eJ9weLOmvenA=">AAACAnicbVDLSsNAFL3xWesr6k43g0UQhJIUxXZX0IXLCsYW2hAm00k7dPJwZlIopeDGX3HjQsWtX+HOv3GaZqGtB+ZyOOde7tzjJ5xJZVnfxtLyyuraemGjuLm1vbNr7u3fyzgVhDok5rFo+VhSziLqKKY4bSWC4tDntOkPrqZ+c0iFZHF0p0YJdUPci1jACFZa8sxD4tVQhz6kbIiIV0Fnul5kteqZJatsZUCLxM5JCXI0PPOr041JGtJIEY6lbNtWotwxFooRTifFTippgskA92hb0wiHVLrj7IYJOtFKFwWx0C9SKFN/T4xxKOUo9HVniFVfzntT8T+vnaqg6o5ZlKSKRmS2KEg5UjGaBoK6TFCi+EgTTATTf0WkjwUmSsdW1CHY8ycvEqdSrpXt2/NS/TpPowBHcAynYMMl1OEGGuAAgUd4hld4M56MF+Pd+Ji1Lhn5zAH8gfH5A2vPlQE=</latexit>

There are only four field basis invariants :



Any physical bound should be a function of 
these combinations of coefficients, e.g.

c3
<latexit sha1_base64="PAKkufI2Az327/4jwHoceoNqg14=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG8FPXisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemEph0HW/nNLS8srqWnm9srG5tb1T3d17MEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjq6nfeuTaiETd4zjlQUwHSkSCUbTSHeud9qo1t+7OQP4SryA1KNDsVT+7/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUKOrNInUaJtKSQz9edETmNjxnFoO2OKQ7PoTcX/vE6G0UWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb78l/gn9cu6d3tWa1wXaZThAA7hGDw4hwbcQBN8YDCAJ3iBV0c6z86b8z5vLTnFzD78gvPxDV0sjWM=</latexit><latexit sha1_base64="PAKkufI2Az327/4jwHoceoNqg14=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG8FPXisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemEph0HW/nNLS8srqWnm9srG5tb1T3d17MEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjq6nfeuTaiETd4zjlQUwHSkSCUbTSHeud9qo1t+7OQP4SryA1KNDsVT+7/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUKOrNInUaJtKSQz9edETmNjxnFoO2OKQ7PoTcX/vE6G0UWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb78l/gn9cu6d3tWa1wXaZThAA7hGDw4hwbcQBN8YDCAJ3iBV0c6z86b8z5vLTnFzD78gvPxDV0sjWM=</latexit><latexit sha1_base64="PAKkufI2Az327/4jwHoceoNqg14=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG8FPXisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemEph0HW/nNLS8srqWnm9srG5tb1T3d17MEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjq6nfeuTaiETd4zjlQUwHSkSCUbTSHeud9qo1t+7OQP4SryA1KNDsVT+7/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUKOrNInUaJtKSQz9edETmNjxnFoO2OKQ7PoTcX/vE6G0UWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb78l/gn9cu6d3tWa1wXaZThAA7hGDw4hwbcQBN8YDCAJ3iBV0c6z86b8z5vLTnFzD78gvPxDV0sjWM=</latexit><latexit sha1_base64="PAKkufI2Az327/4jwHoceoNqg14=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG8FPXisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemEph0HW/nNLS8srqWnm9srG5tb1T3d17MEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wjq6nfeuTaiETd4zjlQUwHSkSCUbTSHeud9qo1t+7OQP4SryA1KNDsVT+7/YRlMVfIJDWm47kpBjnVKJjkk0o3MzylbEQHvGOpojE3QT47dUKOrNInUaJtKSQz9edETmNjxnFoO2OKQ7PoTcX/vE6G0UWQC5VmyBWbL4oySTAh079JX2jOUI4toUwLeythQ6opQ5tOxYbgLb78l/gn9cu6d3tWa1wXaZThAA7hGDw4hwbcQBN8YDCAJ3iBV0c6z86b8z5vLTnFzD78gvPxDV0sjWM=</latexit>

c6
<latexit sha1_base64="Usox6GOWubTmwcHtdlQyh83w9+0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgV9OCxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqZ+65FrIxJ1j+OUBzEdKBEJRtFKd6x31qvW3Lo7A/lLvILUoECzV/3s9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns1Ak5skqfRIm2pZDM1J8TOY2NGceh7YwpDs2iNxX/8zoZRhdBLlSaIVdsvijKJMGETP8mfaE5Qzm2hDIt7K2EDammDG06FRuCt/jyX+Kf1C/r3u1prXFdpFGGAziEY/DgHBpwA03wgcEAnuAFXh3pPDtvzvu8teQUM/vwC87HN2G1jWY=</latexit><latexit sha1_base64="Usox6GOWubTmwcHtdlQyh83w9+0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgV9OCxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqZ+65FrIxJ1j+OUBzEdKBEJRtFKd6x31qvW3Lo7A/lLvILUoECzV/3s9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns1Ak5skqfRIm2pZDM1J8TOY2NGceh7YwpDs2iNxX/8zoZRhdBLlSaIVdsvijKJMGETP8mfaE5Qzm2hDIt7K2EDammDG06FRuCt/jyX+Kf1C/r3u1prXFdpFGGAziEY/DgHBpwA03wgcEAnuAFXh3pPDtvzvu8teQUM/vwC87HN2G1jWY=</latexit><latexit sha1_base64="Usox6GOWubTmwcHtdlQyh83w9+0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgV9OCxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqZ+65FrIxJ1j+OUBzEdKBEJRtFKd6x31qvW3Lo7A/lLvILUoECzV/3s9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns1Ak5skqfRIm2pZDM1J8TOY2NGceh7YwpDs2iNxX/8zoZRhdBLlSaIVdsvijKJMGETP8mfaE5Qzm2hDIt7K2EDammDG06FRuCt/jyX+Kf1C/r3u1prXFdpFGGAziEY/DgHBpwA03wgcEAnuAFXh3pPDtvzvu8teQUM/vwC87HN2G1jWY=</latexit><latexit sha1_base64="Usox6GOWubTmwcHtdlQyh83w9+0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgV9OCxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqZ+65FrIxJ1j+OUBzEdKBEJRtFKd6x31qvW3Lo7A/lLvILUoECzV/3s9hOWxVwhk9SYjuemGORUo2CSTyrdzPCUshEd8I6lisbcBPns1Ak5skqfRIm2pZDM1J8TOY2NGceh7YwpDs2iNxX/8zoZRhdBLlSaIVdsvijKJMGETP8mfaE5Qzm2hDIt7K2EDammDG06FRuCt/jyX+Kf1C/r3u1prXFdpFGGAziEY/DgHBpwA03wgcEAnuAFXh3pPDtvzvu8teQUM/vwC87HN2G1jWY=</latexit>

c0 ⌘ c2 + 4c3 + c5 + c6 + 4c7 + 2c8
<latexit sha1_base64="nF/kYcwSQQCUbJVSWy5PXmmNuWg=">AAACGnicbVBNS8MwGE79nPOr6tFLcAiCMNo63bwN9OBxgnWDrZQ0S7ewNK1JOhhj/8OLf8WLBxVv4sV/Y9b1oJsPJM/D874vyfsECaNSWda3sbS8srq2Xtgobm5t7+yae/v3Mk4FJi6OWSxaAZKEUU5cRRUjrUQQFAWMNIPB1bTeHBIhaczv1CghXoR6nIYUI6Ut33Swb8EOeUjpEGLfgaewovlMM/bPs/si96qaHc013yxZZSsDXBR2LkogR8M3PzvdGKcR4QozJGXbthLljZFQFDMyKXZSSRKEB6hH2lpyFBHpjbPdJvBYO10YxkIfrmDm/p4Yo0jKURTozgipvpyvTc3/au1UhTVvTHmSKsLx7KEwZVDFcBoU7FJBsGIjLRAWVP8V4j4SCCsdZ1GHYM+vvChcp3xZtm8rpfp1nkYBHIIjcAJsUAV1cAMawAUYPIJn8ArejCfjxXg3PmatS0Y+cwD+wPj6AYZhmwk=</latexit><latexit sha1_base64="nF/kYcwSQQCUbJVSWy5PXmmNuWg=">AAACGnicbVBNS8MwGE79nPOr6tFLcAiCMNo63bwN9OBxgnWDrZQ0S7ewNK1JOhhj/8OLf8WLBxVv4sV/Y9b1oJsPJM/D874vyfsECaNSWda3sbS8srq2Xtgobm5t7+yae/v3Mk4FJi6OWSxaAZKEUU5cRRUjrUQQFAWMNIPB1bTeHBIhaczv1CghXoR6nIYUI6Ut33Swb8EOeUjpEGLfgaewovlMM/bPs/si96qaHc013yxZZSsDXBR2LkogR8M3PzvdGKcR4QozJGXbthLljZFQFDMyKXZSSRKEB6hH2lpyFBHpjbPdJvBYO10YxkIfrmDm/p4Yo0jKURTozgipvpyvTc3/au1UhTVvTHmSKsLx7KEwZVDFcBoU7FJBsGIjLRAWVP8V4j4SCCsdZ1GHYM+vvChcp3xZtm8rpfp1nkYBHIIjcAJsUAV1cAMawAUYPIJn8ArejCfjxXg3PmatS0Y+cwD+wPj6AYZhmwk=</latexit><latexit sha1_base64="nF/kYcwSQQCUbJVSWy5PXmmNuWg=">AAACGnicbVBNS8MwGE79nPOr6tFLcAiCMNo63bwN9OBxgnWDrZQ0S7ewNK1JOhhj/8OLf8WLBxVv4sV/Y9b1oJsPJM/D874vyfsECaNSWda3sbS8srq2Xtgobm5t7+yae/v3Mk4FJi6OWSxaAZKEUU5cRRUjrUQQFAWMNIPB1bTeHBIhaczv1CghXoR6nIYUI6Ut33Swb8EOeUjpEGLfgaewovlMM/bPs/si96qaHc013yxZZSsDXBR2LkogR8M3PzvdGKcR4QozJGXbthLljZFQFDMyKXZSSRKEB6hH2lpyFBHpjbPdJvBYO10YxkIfrmDm/p4Yo0jKURTozgipvpyvTc3/au1UhTVvTHmSKsLx7KEwZVDFcBoU7FJBsGIjLRAWVP8V4j4SCCsdZ1GHYM+vvChcp3xZtm8rpfp1nkYBHIIjcAJsUAV1cAMawAUYPIJn8ArejCfjxXg3PmatS0Y+cwD+wPj6AYZhmwk=</latexit><latexit sha1_base64="nF/kYcwSQQCUbJVSWy5PXmmNuWg=">AAACGnicbVBNS8MwGE79nPOr6tFLcAiCMNo63bwN9OBxgnWDrZQ0S7ewNK1JOhhj/8OLf8WLBxVv4sV/Y9b1oJsPJM/D874vyfsECaNSWda3sbS8srq2Xtgobm5t7+yae/v3Mk4FJi6OWSxaAZKEUU5cRRUjrUQQFAWMNIPB1bTeHBIhaczv1CghXoR6nIYUI6Ut33Swb8EOeUjpEGLfgaewovlMM/bPs/si96qaHc013yxZZSsDXBR2LkogR8M3PzvdGKcR4QozJGXbthLljZFQFDMyKXZSSRKEB6hH2lpyFBHpjbPdJvBYO10YxkIfrmDm/p4Yo0jKURTozgipvpyvTc3/au1UhTVvTHmSKsLx7KEwZVDFcBoU7FJBsGIjLRAWVP8V4j4SCCsdZ1GHYM+vvChcp3xZtm8rpfp1nkYBHIIjcAJsUAV1cAMawAUYPIJn8ArejCfjxXg3PmatS0Y+cwD+wPj6AYZhmwk=</latexit>

c9 ⌘ c2 + c5 + c8
<latexit sha1_base64="S+hWaTHmA0jj898eJ9weLOmvenA=">AAACAnicbVDLSsNAFL3xWesr6k43g0UQhJIUxXZX0IXLCsYW2hAm00k7dPJwZlIopeDGX3HjQsWtX+HOv3GaZqGtB+ZyOOde7tzjJ5xJZVnfxtLyyuraemGjuLm1vbNr7u3fyzgVhDok5rFo+VhSziLqKKY4bSWC4tDntOkPrqZ+c0iFZHF0p0YJdUPci1jACFZa8sxD4tVQhz6kbIiIV0Fnul5kteqZJatsZUCLxM5JCXI0PPOr041JGtJIEY6lbNtWotwxFooRTifFTippgskA92hb0wiHVLrj7IYJOtFKFwWx0C9SKFN/T4xxKOUo9HVniFVfzntT8T+vnaqg6o5ZlKSKRmS2KEg5UjGaBoK6TFCi+EgTTATTf0WkjwUmSsdW1CHY8ycvEqdSrpXt2/NS/TpPowBHcAynYMMl1OEGGuAAgUd4hld4M56MF+Pd+Ji1Lhn5zAH8gfH5A2vPlQE=</latexit><latexit sha1_base64="S+hWaTHmA0jj898eJ9weLOmvenA=">AAACAnicbVDLSsNAFL3xWesr6k43g0UQhJIUxXZX0IXLCsYW2hAm00k7dPJwZlIopeDGX3HjQsWtX+HOv3GaZqGtB+ZyOOde7tzjJ5xJZVnfxtLyyuraemGjuLm1vbNr7u3fyzgVhDok5rFo+VhSziLqKKY4bSWC4tDntOkPrqZ+c0iFZHF0p0YJdUPci1jACFZa8sxD4tVQhz6kbIiIV0Fnul5kteqZJatsZUCLxM5JCXI0PPOr041JGtJIEY6lbNtWotwxFooRTifFTippgskA92hb0wiHVLrj7IYJOtFKFwWx0C9SKFN/T4xxKOUo9HVniFVfzntT8T+vnaqg6o5ZlKSKRmS2KEg5UjGaBoK6TFCi+EgTTATTf0WkjwUmSsdW1CHY8ycvEqdSrpXt2/NS/TpPowBHcAynYMMl1OEGGuAAgUd4hld4M56MF+Pd+Ji1Lhn5zAH8gfH5A2vPlQE=</latexit><latexit sha1_base64="S+hWaTHmA0jj898eJ9weLOmvenA=">AAACAnicbVDLSsNAFL3xWesr6k43g0UQhJIUxXZX0IXLCsYW2hAm00k7dPJwZlIopeDGX3HjQsWtX+HOv3GaZqGtB+ZyOOde7tzjJ5xJZVnfxtLyyuraemGjuLm1vbNr7u3fyzgVhDok5rFo+VhSziLqKKY4bSWC4tDntOkPrqZ+c0iFZHF0p0YJdUPci1jACFZa8sxD4tVQhz6kbIiIV0Fnul5kteqZJatsZUCLxM5JCXI0PPOr041JGtJIEY6lbNtWotwxFooRTifFTippgskA92hb0wiHVLrj7IYJOtFKFwWx0C9SKFN/T4xxKOUo9HVniFVfzntT8T+vnaqg6o5ZlKSKRmS2KEg5UjGaBoK6TFCi+EgTTATTf0WkjwUmSsdW1CHY8ycvEqdSrpXt2/NS/TpPowBHcAynYMMl1OEGGuAAgUd4hld4M56MF+Pd+Ji1Lhn5zAH8gfH5A2vPlQE=</latexit><latexit sha1_base64="S+hWaTHmA0jj898eJ9weLOmvenA=">AAACAnicbVDLSsNAFL3xWesr6k43g0UQhJIUxXZX0IXLCsYW2hAm00k7dPJwZlIopeDGX3HjQsWtX+HOv3GaZqGtB+ZyOOde7tzjJ5xJZVnfxtLyyuraemGjuLm1vbNr7u3fyzgVhDok5rFo+VhSziLqKKY4bSWC4tDntOkPrqZ+c0iFZHF0p0YJdUPci1jACFZa8sxD4tVQhz6kbIiIV0Fnul5kteqZJatsZUCLxM5JCXI0PPOr041JGtJIEY6lbNtWotwxFooRTifFTippgskA92hb0wiHVLrj7IYJOtFKFwWx0C9SKFN/T4xxKOUo9HVniFVfzntT8T+vnaqg6o5ZlKSKRmS2KEg5UjGaBoK6TFCi+EgTTATTf0WkjwUmSsdW1CHY8ycvEqdSrpXt2/NS/TpPowBHcAynYMMl1OEGGuAAgUd4hld4M56MF+Pd+Ji1Lhn5zAH8gfH5A2vPlQE=</latexit>

There are only four field basis invariants :

↵0c0 + ↵3c3 + ↵6c6 + ↵9c9 > 0
<latexit sha1_base64="+twgt8NXaj0gKia8xB6GewH6+vE=">AAACJHicbVBdSwJBFJ3t0+xrq8dehiQIAtnNsIQIIYIeDdoUdFnujqMOzn4wMxvI4p/ppb/SSw8ZPfTSb2nUBUs7cOGcc+9l5h4/5kwqy/oylpZXVtfWcxv5za3tnV1zb/9RRokg1CERj0TDB0k5C6mjmOK0EQsKgc9p3e/fjPv1Jyoki8IHNYipG0A3ZB1GQGnLM69awOMeeBYmuk5xJktalmayrGV5JitaVvC15ZkFq2hNgBeJnZECylDzzFGrHZEkoKEiHKRs2las3BSEYoTTYb6VSBoD6UOXNjUNIaDSTSdXDvGxdtq4EwldocIT9/dGCoGUg8DXkwGonpzvjc3/es1EdS7dlIVxomhIpg91Eo5VhMeR4TYTlCg+0ASIYPqvmPRAAFE62LwOwZ4/eZE4Z8VK0b4/L1RvszRy6BAdoRNkowtURXeohhxE0DN6Re9oZLwYb8aH8TkdXTKynQP0B8b3DwVYoNk=</latexit><latexit sha1_base64="+twgt8NXaj0gKia8xB6GewH6+vE=">AAACJHicbVBdSwJBFJ3t0+xrq8dehiQIAtnNsIQIIYIeDdoUdFnujqMOzn4wMxvI4p/ppb/SSw8ZPfTSb2nUBUs7cOGcc+9l5h4/5kwqy/oylpZXVtfWcxv5za3tnV1zb/9RRokg1CERj0TDB0k5C6mjmOK0EQsKgc9p3e/fjPv1Jyoki8IHNYipG0A3ZB1GQGnLM69awOMeeBYmuk5xJktalmayrGV5JitaVvC15ZkFq2hNgBeJnZECylDzzFGrHZEkoKEiHKRs2las3BSEYoTTYb6VSBoD6UOXNjUNIaDSTSdXDvGxdtq4EwldocIT9/dGCoGUg8DXkwGonpzvjc3/es1EdS7dlIVxomhIpg91Eo5VhMeR4TYTlCg+0ASIYPqvmPRAAFE62LwOwZ4/eZE4Z8VK0b4/L1RvszRy6BAdoRNkowtURXeohhxE0DN6Re9oZLwYb8aH8TkdXTKynQP0B8b3DwVYoNk=</latexit><latexit sha1_base64="+twgt8NXaj0gKia8xB6GewH6+vE=">AAACJHicbVBdSwJBFJ3t0+xrq8dehiQIAtnNsIQIIYIeDdoUdFnujqMOzn4wMxvI4p/ppb/SSw8ZPfTSb2nUBUs7cOGcc+9l5h4/5kwqy/oylpZXVtfWcxv5za3tnV1zb/9RRokg1CERj0TDB0k5C6mjmOK0EQsKgc9p3e/fjPv1Jyoki8IHNYipG0A3ZB1GQGnLM69awOMeeBYmuk5xJktalmayrGV5JitaVvC15ZkFq2hNgBeJnZECylDzzFGrHZEkoKEiHKRs2las3BSEYoTTYb6VSBoD6UOXNjUNIaDSTSdXDvGxdtq4EwldocIT9/dGCoGUg8DXkwGonpzvjc3/es1EdS7dlIVxomhIpg91Eo5VhMeR4TYTlCg+0ASIYPqvmPRAAFE62LwOwZ4/eZE4Z8VK0b4/L1RvszRy6BAdoRNkowtURXeohhxE0DN6Re9oZLwYb8aH8TkdXTKynQP0B8b3DwVYoNk=</latexit><latexit sha1_base64="+twgt8NXaj0gKia8xB6GewH6+vE=">AAACJHicbVBdSwJBFJ3t0+xrq8dehiQIAtnNsIQIIYIeDdoUdFnujqMOzn4wMxvI4p/ppb/SSw8ZPfTSb2nUBUs7cOGcc+9l5h4/5kwqy/oylpZXVtfWcxv5za3tnV1zb/9RRokg1CERj0TDB0k5C6mjmOK0EQsKgc9p3e/fjPv1Jyoki8IHNYipG0A3ZB1GQGnLM69awOMeeBYmuk5xJktalmayrGV5JitaVvC15ZkFq2hNgBeJnZECylDzzFGrHZEkoKEiHKRs2las3BSEYoTTYb6VSBoD6UOXNjUNIaDSTSdXDvGxdtq4EwldocIT9/dGCoGUg8DXkwGonpzvjc3/es1EdS7dlIVxomhIpg91Eo5VhMeR4TYTlCg+0ASIYPqvmPRAAFE62LwOwZ4/eZE4Z8VK0b4/L1RvszRy6BAdoRNkowtURXeohhxE0DN6Re9oZLwYb8aH8TkdXTKynQP0B8b3DwVYoNk=</latexit>



can black holes ensure WGC?

It is possible that the WGC might be satisfied 
automatically by small black holes.

The higher-dimension operator corrections 
decouple for large black holes.

Q

M
= 1 +

128⇡2c0
5M2

· · ·
<latexit sha1_base64="XHoiJkR2eOFGqhBL/Qfiy2sB5UQ="></latexit><latexit sha1_base64="XHoiJkR2eOFGqhBL/Qfiy2sB5UQ="></latexit><latexit sha1_base64="XHoiJkR2eOFGqhBL/Qfiy2sB5UQ="></latexit><latexit sha1_base64="XHoiJkR2eOFGqhBL/Qfiy2sB5UQ="></latexit>



Planck 
scale classical GR

c0 > 0
<latexit sha1_base64="nLKqBDN7io52KihV305q8EzKnck=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUC9S9OKxgmkLbSib7aZdu9kNuxuhhP4HLx5UvPqDvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0srq2vlHerGxt7+zuufsHTS0zRWhAJJeqHWFNORM0MMxw2k4VxUnEaSsa3U791hNVmknxYMYpDRM8ECxmBBsrNUnPQ9dez616NW8GtEz8glShQKPnfnX7kmQJFYZwrHXH91IT5lgZRjidVLqZpikmIzygHUsFTqgO89m1E3RilT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62QmvgxzJtLMUEHmi+KMIyPR9HXUZ4oSw8eWYKKYvRWRIVaYGBtQxYbgL768TIKz2lXNvz+v1m+KNMpwBMdwCj5cQB3uoAEBEHiEZ3iFN0c6L8678zFvLTnFzCH8gfP5A6DRjgo=</latexit><latexit sha1_base64="nLKqBDN7io52KihV305q8EzKnck=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUC9S9OKxgmkLbSib7aZdu9kNuxuhhP4HLx5UvPqDvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0srq2vlHerGxt7+zuufsHTS0zRWhAJJeqHWFNORM0MMxw2k4VxUnEaSsa3U791hNVmknxYMYpDRM8ECxmBBsrNUnPQ9dez616NW8GtEz8glShQKPnfnX7kmQJFYZwrHXH91IT5lgZRjidVLqZpikmIzygHUsFTqgO89m1E3RilT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62QmvgxzJtLMUEHmi+KMIyPR9HXUZ4oSw8eWYKKYvRWRIVaYGBtQxYbgL768TIKz2lXNvz+v1m+KNMpwBMdwCj5cQB3uoAEBEHiEZ3iFN0c6L8678zFvLTnFzCH8gfP5A6DRjgo=</latexit><latexit sha1_base64="nLKqBDN7io52KihV305q8EzKnck=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUC9S9OKxgmkLbSib7aZdu9kNuxuhhP4HLx5UvPqDvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0srq2vlHerGxt7+zuufsHTS0zRWhAJJeqHWFNORM0MMxw2k4VxUnEaSsa3U791hNVmknxYMYpDRM8ECxmBBsrNUnPQ9dez616NW8GtEz8glShQKPnfnX7kmQJFYZwrHXH91IT5lgZRjidVLqZpikmIzygHUsFTqgO89m1E3RilT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62QmvgxzJtLMUEHmi+KMIyPR9HXUZ4oSw8eWYKKYvRWRIVaYGBtQxYbgL768TIKz2lXNvz+v1m+KNMpwBMdwCj5cQB3uoAEBEHiEZ3iFN0c6L8678zFvLTnFzCH8gfP5A6DRjgo=</latexit><latexit sha1_base64="nLKqBDN7io52KihV305q8EzKnck=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUC9S9OKxgmkLbSib7aZdu9kNuxuhhP4HLx5UvPqDvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0srq2vlHerGxt7+zuufsHTS0zRWhAJJeqHWFNORM0MMxw2k4VxUnEaSsa3U791hNVmknxYMYpDRM8ECxmBBsrNUnPQ9dez616NW8GtEz8glShQKPnfnX7kmQJFYZwrHXH91IT5lgZRjidVLqZpikmIzygHUsFTqgO89m1E3RilT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62QmvgxzJtLMUEHmi+KMIyPR9HXUZ4oSw8eWYKKYvRWRIVaYGBtQxYbgL768TIKz2lXNvz+v1m+KNMpwBMdwCj5cQB3uoAEBEHiEZ3iFN0c6L8678zFvLTnFzCH8gfP5A6DRjgo=</latexit>

c0 < 0
<latexit sha1_base64="goBj4OCtwYJh4VQbTTRYBrLxi4g=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUMFD0YvHCqYttKFstpt27WY37G6EEvofvHhQ8eoP8ua/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fNLXMFKEBkVyqdoQ15UzQwDDDaTtVFCcRp61odDv1W09UaSbFgxmnNEzwQLCYEWys1CQ9D117Pbfq1bwZ0DLxC1KFAo2e+9XtS5IlVBjCsdYd30tNmGNlGOF0UulmmqaYjPCAdiwVOKE6zGfXTtCJVfoolsqWMGim/p7IcaL1OIlsZ4LNUC96U/E/r5OZ+DLMmUgzQwWZL4ozjoxE09dRnylKDB9bgoli9lZEhlhhYmxAFRuCv/jyMgnOalc1//68Wr8p0ijDERzDKfhwAXW4gwYEQOARnuEV3hzpvDjvzse8teQUM4fwB87nD53Jjgg=</latexit><latexit sha1_base64="goBj4OCtwYJh4VQbTTRYBrLxi4g=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUMFD0YvHCqYttKFstpt27WY37G6EEvofvHhQ8eoP8ua/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fNLXMFKEBkVyqdoQ15UzQwDDDaTtVFCcRp61odDv1W09UaSbFgxmnNEzwQLCYEWys1CQ9D117Pbfq1bwZ0DLxC1KFAo2e+9XtS5IlVBjCsdYd30tNmGNlGOF0UulmmqaYjPCAdiwVOKE6zGfXTtCJVfoolsqWMGim/p7IcaL1OIlsZ4LNUC96U/E/r5OZ+DLMmUgzQwWZL4ozjoxE09dRnylKDB9bgoli9lZEhlhhYmxAFRuCv/jyMgnOalc1//68Wr8p0ijDERzDKfhwAXW4gwYEQOARnuEV3hzpvDjvzse8teQUM4fwB87nD53Jjgg=</latexit><latexit sha1_base64="goBj4OCtwYJh4VQbTTRYBrLxi4g=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUMFD0YvHCqYttKFstpt27WY37G6EEvofvHhQ8eoP8ua/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fNLXMFKEBkVyqdoQ15UzQwDDDaTtVFCcRp61odDv1W09UaSbFgxmnNEzwQLCYEWys1CQ9D117Pbfq1bwZ0DLxC1KFAo2e+9XtS5IlVBjCsdYd30tNmGNlGOF0UulmmqaYjPCAdiwVOKE6zGfXTtCJVfoolsqWMGim/p7IcaL1OIlsZ4LNUC96U/E/r5OZ+DLMmUgzQwWZL4ozjoxE09dRnylKDB9bgoli9lZEhlhhYmxAFRuCv/jyMgnOalc1//68Wr8p0ijDERzDKfhwAXW4gwYEQOARnuEV3hzpvDjvzse8teQUM4fwB87nD53Jjgg=</latexit><latexit sha1_base64="goBj4OCtwYJh4VQbTTRYBrLxi4g=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUMFD0YvHCqYttKFstpt27WY37G6EEvofvHhQ8eoP8ua/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fNLXMFKEBkVyqdoQ15UzQwDDDaTtVFCcRp61odDv1W09UaSbFgxmnNEzwQLCYEWys1CQ9D117Pbfq1bwZ0DLxC1KFAo2e+9XtS5IlVBjCsdYd30tNmGNlGOF0UulmmqaYjPCAdiwVOKE6zGfXTtCJVfoolsqWMGim/p7IcaL1OIlsZ4LNUC96U/E/r5OZ+DLMmUgzQwWZL4ozjoxE09dRnylKDB9bgoli9lZEhlhhYmxAFRuCv/jyMgnOalc1//68Wr8p0ijDERzDKfhwAXW4gwYEQOARnuEV3hzpvDjvzse8teQUM4fwB87nD53Jjgg=</latexit>

M
<latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit><latexit sha1_base64="2bCVaGjBVkw40Ey6VQ8hhrpoyIg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL16EFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPE56MpQ==</latexit>

Q

M<latexit sha1_base64="5cfAs2bWfWAp87aIhTAl0D/4ZmE=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxYvQgrGFNJTNdtMu3eyG3YlQQn6GFw8qXv033vw3btsctPXBwOO9GWbmRangBlz321lZXVvf2KxsVbd3dvf2aweHj0ZlmjKfKqF0NyKGCS6ZDxwE66aakSQSrBONb6d+54lpw5V8gEnKwoQMJY85JWCloBdrQvN2kd8X/Vrdbbgz4GXilaSOSrT6ta/eQNEsYRKoIMYEnptCmBMNnApWVHuZYSmhYzJkgaWSJMyE+ezkAp9aZYBjpW1JwDP190ROEmMmSWQ7EwIjs+hNxf+8IIP4Ksy5TDNgks4XxZnAoPD0fzzgmlEQE0sI1dzeiumI2BTAplS1IXiLLy8T/7xx3fDaF/XmTZlGBR2jE3SGPHSJmugOtZCPKFLoGb2iNwecF+fd+Zi3rjjlzBH6A+fzB/2GkUI=</latexit><latexit sha1_base64="5cfAs2bWfWAp87aIhTAl0D/4ZmE=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxYvQgrGFNJTNdtMu3eyG3YlQQn6GFw8qXv033vw3btsctPXBwOO9GWbmRangBlz321lZXVvf2KxsVbd3dvf2aweHj0ZlmjKfKqF0NyKGCS6ZDxwE66aakSQSrBONb6d+54lpw5V8gEnKwoQMJY85JWCloBdrQvN2kd8X/Vrdbbgz4GXilaSOSrT6ta/eQNEsYRKoIMYEnptCmBMNnApWVHuZYSmhYzJkgaWSJMyE+ezkAp9aZYBjpW1JwDP190ROEmMmSWQ7EwIjs+hNxf+8IIP4Ksy5TDNgks4XxZnAoPD0fzzgmlEQE0sI1dzeiumI2BTAplS1IXiLLy8T/7xx3fDaF/XmTZlGBR2jE3SGPHSJmugOtZCPKFLoGb2iNwecF+fd+Zi3rjjlzBH6A+fzB/2GkUI=</latexit><latexit sha1_base64="5cfAs2bWfWAp87aIhTAl0D/4ZmE=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxYvQgrGFNJTNdtMu3eyG3YlQQn6GFw8qXv033vw3btsctPXBwOO9GWbmRangBlz321lZXVvf2KxsVbd3dvf2aweHj0ZlmjKfKqF0NyKGCS6ZDxwE66aakSQSrBONb6d+54lpw5V8gEnKwoQMJY85JWCloBdrQvN2kd8X/Vrdbbgz4GXilaSOSrT6ta/eQNEsYRKoIMYEnptCmBMNnApWVHuZYSmhYzJkgaWSJMyE+ezkAp9aZYBjpW1JwDP190ROEmMmSWQ7EwIjs+hNxf+8IIP4Ksy5TDNgks4XxZnAoPD0fzzgmlEQE0sI1dzeiumI2BTAplS1IXiLLy8T/7xx3fDaF/XmTZlGBR2jE3SGPHSJmugOtZCPKFLoGb2iNwecF+fd+Zi3rjjlzBH6A+fzB/2GkUI=</latexit><latexit sha1_base64="5cfAs2bWfWAp87aIhTAl0D/4ZmE=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4KokI6q3oxYvQgrGFNJTNdtMu3eyG3YlQQn6GFw8qXv033vw3btsctPXBwOO9GWbmRangBlz321lZXVvf2KxsVbd3dvf2aweHj0ZlmjKfKqF0NyKGCS6ZDxwE66aakSQSrBONb6d+54lpw5V8gEnKwoQMJY85JWCloBdrQvN2kd8X/Vrdbbgz4GXilaSOSrT6ta/eQNEsYRKoIMYEnptCmBMNnApWVHuZYSmhYzJkgaWSJMyE+ezkAp9aZYBjpW1JwDP190ROEmMmSWQ7EwIjs+hNxf+8IIP4Ksy5TDNgks4XxZnAoPD0fzzgmlEQE0sI1dzeiumI2BTAplS1IXiLLy8T/7xx3fDaF/XmTZlGBR2jE3SGPHSJmugOtZCPKFLoGb2iNwecF+fd+Zi3rjjlzBH6A+fzB/2GkUI=</latexit>



Compute first order perturbed metric.

perturbed black hole system

Study a black hole of mass     and charge  
perturbed by higher-dimension operators.

L = L̃+�L
<latexit sha1_base64="3okS6GAu3vqnKLN0SXBcrWTre7I=">AAACFHicbZC7SgNBFIZn4y3G26qlzWAQBCXsiqAWQkCLFBYRjAlkQ5idnCRDZi/MnBXCkpew8VVsLFRsLex8GycXgib+MPDznXM4c34/lkKj43xbmYXFpeWV7GpubX1jc8ve3rnXUaI4VHgkI1XzmQYpQqigQAm1WAELfAlVv3c1rFcfQGkRhXfYj6ERsE4o2oIzNKhpH6ceZ5LeDOgl9VDIFtApOaLeNUhkU9K0807BGYnOG3di8mSictP+8loRTwIIkUumdd11YmykTKHgEgY5L9EQM95jHagbG7IAdCMdXTWgB4a0aDtS5oVIR/T3RMoCrfuBbzoDhl09WxvC/2r1BNvnjVSEcYIQ8vGidiIpRnQYEW0JBRxl3xjGlTB/pbzLFONogsyZENzZk+dN5aRwUXBvT/PF0iSNLNkj++SQuOSMFEmJlEmFcPJInskrebOerBfr3foYt2asycwu+SPr8wfBAJzp</latexit><latexit sha1_base64="3okS6GAu3vqnKLN0SXBcrWTre7I=">AAACFHicbZC7SgNBFIZn4y3G26qlzWAQBCXsiqAWQkCLFBYRjAlkQ5idnCRDZi/MnBXCkpew8VVsLFRsLex8GycXgib+MPDznXM4c34/lkKj43xbmYXFpeWV7GpubX1jc8ve3rnXUaI4VHgkI1XzmQYpQqigQAm1WAELfAlVv3c1rFcfQGkRhXfYj6ERsE4o2oIzNKhpH6ceZ5LeDOgl9VDIFtApOaLeNUhkU9K0807BGYnOG3di8mSictP+8loRTwIIkUumdd11YmykTKHgEgY5L9EQM95jHagbG7IAdCMdXTWgB4a0aDtS5oVIR/T3RMoCrfuBbzoDhl09WxvC/2r1BNvnjVSEcYIQ8vGidiIpRnQYEW0JBRxl3xjGlTB/pbzLFONogsyZENzZk+dN5aRwUXBvT/PF0iSNLNkj++SQuOSMFEmJlEmFcPJInskrebOerBfr3foYt2asycwu+SPr8wfBAJzp</latexit><latexit sha1_base64="3okS6GAu3vqnKLN0SXBcrWTre7I=">AAACFHicbZC7SgNBFIZn4y3G26qlzWAQBCXsiqAWQkCLFBYRjAlkQ5idnCRDZi/MnBXCkpew8VVsLFRsLex8GycXgib+MPDznXM4c34/lkKj43xbmYXFpeWV7GpubX1jc8ve3rnXUaI4VHgkI1XzmQYpQqigQAm1WAELfAlVv3c1rFcfQGkRhXfYj6ERsE4o2oIzNKhpH6ceZ5LeDOgl9VDIFtApOaLeNUhkU9K0807BGYnOG3di8mSictP+8loRTwIIkUumdd11YmykTKHgEgY5L9EQM95jHagbG7IAdCMdXTWgB4a0aDtS5oVIR/T3RMoCrfuBbzoDhl09WxvC/2r1BNvnjVSEcYIQ8vGidiIpRnQYEW0JBRxl3xjGlTB/pbzLFONogsyZENzZk+dN5aRwUXBvT/PF0iSNLNkj++SQuOSMFEmJlEmFcPJInskrebOerBfr3foYt2asycwu+SPr8wfBAJzp</latexit><latexit sha1_base64="3okS6GAu3vqnKLN0SXBcrWTre7I=">AAACFHicbZC7SgNBFIZn4y3G26qlzWAQBCXsiqAWQkCLFBYRjAlkQ5idnCRDZi/MnBXCkpew8VVsLFRsLex8GycXgib+MPDznXM4c34/lkKj43xbmYXFpeWV7GpubX1jc8ve3rnXUaI4VHgkI1XzmQYpQqigQAm1WAELfAlVv3c1rFcfQGkRhXfYj6ERsE4o2oIzNKhpH6ceZ5LeDOgl9VDIFtApOaLeNUhkU9K0807BGYnOG3di8mSictP+8loRTwIIkUumdd11YmykTKHgEgY5L9EQM95jHagbG7IAdCMdXTWgB4a0aDtS5oVIR/T3RMoCrfuBbzoDhl09WxvC/2r1BNvnjVSEcYIQ8vGidiIpRnQYEW0JBRxl3xjGlTB/pbzLFONogsyZENzZk+dN5aRwUXBvT/PF0iSNLNkj++SQuOSMFEmJlEmFcPJInskrebOerBfr3foYt2asycwu+SPr8wfBAJzp</latexit>

M
<latexit sha1_base64="DdHeS7+q5K1jwR4IT+Jmpz9Tloo=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL70ILRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4up35rSdUmify3oxTDGI6kDzijBorNe965Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHFWyMqw==</latexit><latexit sha1_base64="DdHeS7+q5K1jwR4IT+Jmpz9Tloo=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL70ILRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4up35rSdUmify3oxTDGI6kDzijBorNe965Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHFWyMqw==</latexit><latexit sha1_base64="DdHeS7+q5K1jwR4IT+Jmpz9Tloo=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL70ILRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4up35rSdUmify3oxTDGI6kDzijBorNe965Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHFWyMqw==</latexit><latexit sha1_base64="DdHeS7+q5K1jwR4IT+Jmpz9Tloo=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL70ILRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4up35rSdUmify3oxTDGI6kDzijBorNe965Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHFWyMqw==</latexit>

Q
<latexit sha1_base64="VxHaqfyjMuJSOZwIwFEew8ZM51M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gpccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LeTFIMYjqUPOKMGiu1Wv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9ptzWtdVeuNIo0SnMIZXIAH11CHBjTBBwYIz/AKb86j8+K8Ox+L1jWnmDmBP3A+fwAbeIyv</latexit><latexit sha1_base64="VxHaqfyjMuJSOZwIwFEew8ZM51M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gpccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LeTFIMYjqUPOKMGiu1Wv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9ptzWtdVeuNIo0SnMIZXIAH11CHBjTBBwYIz/AKb86j8+K8Ox+L1jWnmDmBP3A+fwAbeIyv</latexit><latexit sha1_base64="VxHaqfyjMuJSOZwIwFEew8ZM51M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gpccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LeTFIMYjqUPOKMGiu1Wv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9ptzWtdVeuNIo0SnMIZXIAH11CHBjTBBwYIz/AKb86j8+K8Ox+L1jWnmDmBP3A+fwAbeIyv</latexit><latexit sha1_base64="VxHaqfyjMuJSOZwIwFEew8ZM51M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gpccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LeTFIMYjqUPOKMGiu1Wv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9ptzWtdVeuNIo0SnMIZXIAH11CHBjTBBwYIz/AKb86j8+K8Ox+L1jWnmDmBP3A+fwAbeIyv</latexit>

gµ⌫ = g̃µ⌫ +�gµ⌫
<latexit sha1_base64="m92sdNibbbdyt+hvpV0ahJPN1zI=">AAACGnicbZBNSwMxEIaz9avWr6pHL8EiCELZLYJ6EAp66LGCtYVuKdl02oZms0syK5Sl/8OLf8WLBxVv4sV/Y/pxqK0vBF6emWEybxBLYdB1f5zMyura+kZ2M7e1vbO7l98/eDBRojnUeCQj3QiYASkU1FCghEasgYWBhHowuBnX64+gjYjUPQ5jaIWsp0RXcIYWtfOlXjv1w8RXyYheUx+F7ACdY2fUvwWJbI618wW36E5El403MwUyU7Wd//I7EU9CUMglM6bpuTG2UqZRcAmjnJ8YiBkfsB40rVUsBNNKJ7eN6IklHdqNtH0K6YTOT6QsNGYYBrYzZNg3i7Ux/K/WTLB72UqFihMExaeLuomkGNFxULQjNHCUQ2sY18L+lfI+04yjjTNnQ/AWT142tVLxqujdnRfKlVkaWXJEjskp8cgFKZMKqZIa4eSJvJA38u48O6/Oh/M5bc04s5lD8kfO9y8G1aEG</latexit><latexit sha1_base64="m92sdNibbbdyt+hvpV0ahJPN1zI=">AAACGnicbZBNSwMxEIaz9avWr6pHL8EiCELZLYJ6EAp66LGCtYVuKdl02oZms0syK5Sl/8OLf8WLBxVv4sV/Y/pxqK0vBF6emWEybxBLYdB1f5zMyura+kZ2M7e1vbO7l98/eDBRojnUeCQj3QiYASkU1FCghEasgYWBhHowuBnX64+gjYjUPQ5jaIWsp0RXcIYWtfOlXjv1w8RXyYheUx+F7ACdY2fUvwWJbI618wW36E5El403MwUyU7Wd//I7EU9CUMglM6bpuTG2UqZRcAmjnJ8YiBkfsB40rVUsBNNKJ7eN6IklHdqNtH0K6YTOT6QsNGYYBrYzZNg3i7Ux/K/WTLB72UqFihMExaeLuomkGNFxULQjNHCUQ2sY18L+lfI+04yjjTNnQ/AWT142tVLxqujdnRfKlVkaWXJEjskp8cgFKZMKqZIa4eSJvJA38u48O6/Oh/M5bc04s5lD8kfO9y8G1aEG</latexit><latexit sha1_base64="m92sdNibbbdyt+hvpV0ahJPN1zI=">AAACGnicbZBNSwMxEIaz9avWr6pHL8EiCELZLYJ6EAp66LGCtYVuKdl02oZms0syK5Sl/8OLf8WLBxVv4sV/Y/pxqK0vBF6emWEybxBLYdB1f5zMyura+kZ2M7e1vbO7l98/eDBRojnUeCQj3QiYASkU1FCghEasgYWBhHowuBnX64+gjYjUPQ5jaIWsp0RXcIYWtfOlXjv1w8RXyYheUx+F7ACdY2fUvwWJbI618wW36E5El403MwUyU7Wd//I7EU9CUMglM6bpuTG2UqZRcAmjnJ8YiBkfsB40rVUsBNNKJ7eN6IklHdqNtH0K6YTOT6QsNGYYBrYzZNg3i7Ux/K/WTLB72UqFihMExaeLuomkGNFxULQjNHCUQ2sY18L+lfI+04yjjTNnQ/AWT142tVLxqujdnRfKlVkaWXJEjskp8cgFKZMKqZIa4eSJvJA38u48O6/Oh/M5bc04s5lD8kfO9y8G1aEG</latexit><latexit sha1_base64="m92sdNibbbdyt+hvpV0ahJPN1zI=">AAACGnicbZBNSwMxEIaz9avWr6pHL8EiCELZLYJ6EAp66LGCtYVuKdl02oZms0syK5Sl/8OLf8WLBxVv4sV/Y/pxqK0vBF6emWEybxBLYdB1f5zMyura+kZ2M7e1vbO7l98/eDBRojnUeCQj3QiYASkU1FCghEasgYWBhHowuBnX64+gjYjUPQ5jaIWsp0RXcIYWtfOlXjv1w8RXyYheUx+F7ACdY2fUvwWJbI618wW36E5El403MwUyU7Wd//I7EU9CUMglM6bpuTG2UqZRcAmjnJ8YiBkfsB40rVUsBNNKJ7eN6IklHdqNtH0K6YTOT6QsNGYYBrYzZNg3i7Ux/K/WTLB72UqFihMExaeLuomkGNFxULQjNHCUQ2sY18L+lfI+04yjjTNnQ/AWT142tVLxqujdnRfKlVkaWXJEjskp8cgFKZMKqZIa4eSJvJA38u48O6/Oh/M5bc04s5lD8kfO9y8G1aEG</latexit>

Einstein-
Maxwell

8X

i=1

ciOi

<latexit sha1_base64="/TU36paw0D8Ils4xjvQK8tKQSYs=">AAACBHicdVBNS8NAEN34WetX1KMeFovgKSQ1tOlBKHjxZgVrC20Nm+2mXbrZhN2NUEIvXvwrXjyoePVHePPfuGkrqOiDgcd7M8zMCxJGpbLtD2NhcWl5ZbWwVlzf2NzaNnd2r2WcCkyaOGaxaAdIEkY5aSqqGGkngqAoYKQVjM5yv3VLhKQxv1LjhPQiNOA0pBgpLfnmAezKNPIzeupMbjyIfQqzLkYMXkx86psl26p5lbJbgbZl21Wn7OSkXHVPXOhoJUcJzNHwzfduP8ZpRLjCDEnZcexE9TIkFMWMTIrdVJIE4REakI6mHEVE9rLpFxN4pJU+DGOhiys4Vb9PZCiSchwFujNCaih/e7n4l9dJVej1MsqTVBGOZ4vClEEVwzwS2KeCYMXGmiAsqL4V4iESCCsdXFGH8PUp/J80y1bNci7dUt2bp1EA++AQHAMHVEEdnIMGaAIM7sADeALPxr3xaLwYr7PWBWM+swd+wHj7BJVPl4o=</latexit><latexit sha1_base64="/TU36paw0D8Ils4xjvQK8tKQSYs=">AAACBHicdVBNS8NAEN34WetX1KMeFovgKSQ1tOlBKHjxZgVrC20Nm+2mXbrZhN2NUEIvXvwrXjyoePVHePPfuGkrqOiDgcd7M8zMCxJGpbLtD2NhcWl5ZbWwVlzf2NzaNnd2r2WcCkyaOGaxaAdIEkY5aSqqGGkngqAoYKQVjM5yv3VLhKQxv1LjhPQiNOA0pBgpLfnmAezKNPIzeupMbjyIfQqzLkYMXkx86psl26p5lbJbgbZl21Wn7OSkXHVPXOhoJUcJzNHwzfduP8ZpRLjCDEnZcexE9TIkFMWMTIrdVJIE4REakI6mHEVE9rLpFxN4pJU+DGOhiys4Vb9PZCiSchwFujNCaih/e7n4l9dJVej1MsqTVBGOZ4vClEEVwzwS2KeCYMXGmiAsqL4V4iESCCsdXFGH8PUp/J80y1bNci7dUt2bp1EA++AQHAMHVEEdnIMGaAIM7sADeALPxr3xaLwYr7PWBWM+swd+wHj7BJVPl4o=</latexit><latexit sha1_base64="/TU36paw0D8Ils4xjvQK8tKQSYs=">AAACBHicdVBNS8NAEN34WetX1KMeFovgKSQ1tOlBKHjxZgVrC20Nm+2mXbrZhN2NUEIvXvwrXjyoePVHePPfuGkrqOiDgcd7M8zMCxJGpbLtD2NhcWl5ZbWwVlzf2NzaNnd2r2WcCkyaOGaxaAdIEkY5aSqqGGkngqAoYKQVjM5yv3VLhKQxv1LjhPQiNOA0pBgpLfnmAezKNPIzeupMbjyIfQqzLkYMXkx86psl26p5lbJbgbZl21Wn7OSkXHVPXOhoJUcJzNHwzfduP8ZpRLjCDEnZcexE9TIkFMWMTIrdVJIE4REakI6mHEVE9rLpFxN4pJU+DGOhiys4Vb9PZCiSchwFujNCaih/e7n4l9dJVej1MsqTVBGOZ4vClEEVwzwS2KeCYMXGmiAsqL4V4iESCCsdXFGH8PUp/J80y1bNci7dUt2bp1EA++AQHAMHVEEdnIMGaAIM7sADeALPxr3xaLwYr7PWBWM+swd+wHj7BJVPl4o=</latexit><latexit sha1_base64="/TU36paw0D8Ils4xjvQK8tKQSYs=">AAACBHicdVBNS8NAEN34WetX1KMeFovgKSQ1tOlBKHjxZgVrC20Nm+2mXbrZhN2NUEIvXvwrXjyoePVHePPfuGkrqOiDgcd7M8zMCxJGpbLtD2NhcWl5ZbWwVlzf2NzaNnd2r2WcCkyaOGaxaAdIEkY5aSqqGGkngqAoYKQVjM5yv3VLhKQxv1LjhPQiNOA0pBgpLfnmAezKNPIzeupMbjyIfQqzLkYMXkx86psl26p5lbJbgbZl21Wn7OSkXHVPXOhoJUcJzNHwzfduP8ZpRLjCDEnZcexE9TIkFMWMTIrdVJIE4REakI6mHEVE9rLpFxN4pJU+DGOhiys4Vb9PZCiSchwFujNCaih/e7n4l9dJVej1MsqTVBGOZ4vClEEVwzwS2KeCYMXGmiAsqL4V4iESCCsdXFGH8PUp/J80y1bNci7dUt2bp1EA++AQHAMHVEEdnIMGaAIM7sADeALPxr3xaLwYr7PWBWM+swd+wHj7BJVPl4o=</latexit>

Reissner-
Nordstrom

/ ci
<latexit sha1_base64="yUlPtqfTWG2GCMRqBXwnyU+GuNE=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuQhJDH7uCG5cVjC2koUymk3boJDPMTIQS+hluXKi49W/c+TdO2goqemDgcM69zD0nFowq7Tgf1tr6xubWdmWnuru3f3BYOzq+UzyXmASYMy77MVKE0YwEmmpG+kISlMaM9OLpVen37olUlGe3eiZIlKJxRhOKkTZSOBCSC80hHtJhre7Y7VbD8xvQsR2n6XpuSbymf+lD1ygl6mCF7rD2PhhxnKck05ghpULXEToqkNQUMzKvDnJFBMJTNCahoRlKiYqKxclzeG6UEUy4NC/TcKF+3yhQqtQsjc1kivRE/fZK8S8vzHXSigqaiVyTDC8/SnIGTcgyPxxRSbBmM0MQltTcCvEESYS1aalqSvhKCv8ngWe3bffGr3daqzYq4BScgQvggibogGvQBQHAgIMH8ASeLW09Wi/W63J0zVrtnIAfsN4+AQFZkT8=</latexit><latexit sha1_base64="yUlPtqfTWG2GCMRqBXwnyU+GuNE=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuQhJDH7uCG5cVjC2koUymk3boJDPMTIQS+hluXKi49W/c+TdO2goqemDgcM69zD0nFowq7Tgf1tr6xubWdmWnuru3f3BYOzq+UzyXmASYMy77MVKE0YwEmmpG+kISlMaM9OLpVen37olUlGe3eiZIlKJxRhOKkTZSOBCSC80hHtJhre7Y7VbD8xvQsR2n6XpuSbymf+lD1ygl6mCF7rD2PhhxnKck05ghpULXEToqkNQUMzKvDnJFBMJTNCahoRlKiYqKxclzeG6UEUy4NC/TcKF+3yhQqtQsjc1kivRE/fZK8S8vzHXSigqaiVyTDC8/SnIGTcgyPxxRSbBmM0MQltTcCvEESYS1aalqSvhKCv8ngWe3bffGr3daqzYq4BScgQvggibogGvQBQHAgIMH8ASeLW09Wi/W63J0zVrtnIAfsN4+AQFZkT8=</latexit><latexit sha1_base64="yUlPtqfTWG2GCMRqBXwnyU+GuNE=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuQhJDH7uCG5cVjC2koUymk3boJDPMTIQS+hluXKi49W/c+TdO2goqemDgcM69zD0nFowq7Tgf1tr6xubWdmWnuru3f3BYOzq+UzyXmASYMy77MVKE0YwEmmpG+kISlMaM9OLpVen37olUlGe3eiZIlKJxRhOKkTZSOBCSC80hHtJhre7Y7VbD8xvQsR2n6XpuSbymf+lD1ygl6mCF7rD2PhhxnKck05ghpULXEToqkNQUMzKvDnJFBMJTNCahoRlKiYqKxclzeG6UEUy4NC/TcKF+3yhQqtQsjc1kivRE/fZK8S8vzHXSigqaiVyTDC8/SnIGTcgyPxxRSbBmM0MQltTcCvEESYS1aalqSvhKCv8ngWe3bffGr3daqzYq4BScgQvggibogGvQBQHAgIMH8ASeLW09Wi/W63J0zVrtnIAfsN4+AQFZkT8=</latexit><latexit sha1_base64="yUlPtqfTWG2GCMRqBXwnyU+GuNE=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuQhJDH7uCG5cVjC2koUymk3boJDPMTIQS+hluXKi49W/c+TdO2goqemDgcM69zD0nFowq7Tgf1tr6xubWdmWnuru3f3BYOzq+UzyXmASYMy77MVKE0YwEmmpG+kISlMaM9OLpVen37olUlGe3eiZIlKJxRhOKkTZSOBCSC80hHtJhre7Y7VbD8xvQsR2n6XpuSbymf+lD1ygl6mCF7rD2PhhxnKck05ghpULXEToqkNQUMzKvDnJFBMJTNCahoRlKiYqKxclzeG6UEUy4NC/TcKF+3yhQqtQsjc1kivRE/fZK8S8vzHXSigqaiVyTDC8/SnIGTcgyPxxRSbBmM0MQltTcCvEESYS1aalqSvhKCv8ngWe3bffGr3daqzYq4BScgQvggibogGvQBQHAgIMH8ASeLW09Wi/W63J0zVrtnIAfsN4+AQFZkT8=</latexit>



S = �2⇡

Z

⌃

�L
�Rµ⌫⇢�

✏µ⌫✏⇢�

<latexit sha1_base64="gCeEwj6rT3DBBl3hZ75qVZjjoBE="></latexit><latexit sha1_base64="gCeEwj6rT3DBBl3hZ75qVZjjoBE="></latexit><latexit sha1_base64="gCeEwj6rT3DBBl3hZ75qVZjjoBE="></latexit><latexit sha1_base64="gCeEwj6rT3DBBl3hZ75qVZjjoBE="></latexit>

correction
from shift
of horizon

= �2⇡

 
Ã

�L̃
�Rµ⌫⇢�

+ Ã
��L

�Rµ⌫⇢�
+�A

�L̃
�Rµ⌫⇢�

+ · · ·
!
✏µ⌫✏⇢�

<latexit sha1_base64="ehhA21sqZ/kliiy6xZ3yurE6X5E="></latexit><latexit sha1_base64="ehhA21sqZ/kliiy6xZ3yurE6X5E="></latexit><latexit sha1_base64="ehhA21sqZ/kliiy6xZ3yurE6X5E="></latexit><latexit sha1_base64="ehhA21sqZ/kliiy6xZ3yurE6X5E="></latexit>

Bekenstein-
Hawking
entropy

correction
from modified
interactions

S̃
<latexit sha1_base64="QXTFPvacmoX+m9ly3CEboCCoJIk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLz1WNFpoQ9lsJu3SzSbuboRS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ndLK6tr6RnmzsrW9s7tX3T+412muGPosFalqh1Sj4BJ9w43AdqaQJqHAh3B4PfUfnlBpnso7M8owSGhf8pgzaqzU7houIiS3vWrNrbszkGXiFaQGBVq96lc3SlmeoDRMUK07npuZYEyV4UzgpNLNNWaUDWkfO5ZKmqAOxrN7J+TEKhGJU2VLGjJTf0+MaaL1KAltZ0LNQC96U/E/r5Ob+DIYc5nlBiWbL4pzQUxKps+TiCtkRowsoUxxeythA6ooMzaiig3BW3x5mfhn9au6d3NeazSLNMpwBMdwCh5cQAOa0AIfGAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AQjhj4U=</latexit><latexit sha1_base64="QXTFPvacmoX+m9ly3CEboCCoJIk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLz1WNFpoQ9lsJu3SzSbuboRS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ndLK6tr6RnmzsrW9s7tX3T+412muGPosFalqh1Sj4BJ9w43AdqaQJqHAh3B4PfUfnlBpnso7M8owSGhf8pgzaqzU7houIiS3vWrNrbszkGXiFaQGBVq96lc3SlmeoDRMUK07npuZYEyV4UzgpNLNNWaUDWkfO5ZKmqAOxrN7J+TEKhGJU2VLGjJTf0+MaaL1KAltZ0LNQC96U/E/r5Ob+DIYc5nlBiWbL4pzQUxKps+TiCtkRowsoUxxeythA6ooMzaiig3BW3x5mfhn9au6d3NeazSLNMpwBMdwCh5cQAOa0AIfGAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AQjhj4U=</latexit><latexit sha1_base64="QXTFPvacmoX+m9ly3CEboCCoJIk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLz1WNFpoQ9lsJu3SzSbuboRS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ndLK6tr6RnmzsrW9s7tX3T+412muGPosFalqh1Sj4BJ9w43AdqaQJqHAh3B4PfUfnlBpnso7M8owSGhf8pgzaqzU7houIiS3vWrNrbszkGXiFaQGBVq96lc3SlmeoDRMUK07npuZYEyV4UzgpNLNNWaUDWkfO5ZKmqAOxrN7J+TEKhGJU2VLGjJTf0+MaaL1KAltZ0LNQC96U/E/r5Ob+DIYc5nlBiWbL4pzQUxKps+TiCtkRowsoUxxeythA6ooMzaiig3BW3x5mfhn9au6d3NeazSLNMpwBMdwCh5cQAOa0AIfGAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AQjhj4U=</latexit><latexit sha1_base64="QXTFPvacmoX+m9ly3CEboCCoJIk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLz1WNFpoQ9lsJu3SzSbuboRS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ndLK6tr6RnmzsrW9s7tX3T+412muGPosFalqh1Sj4BJ9w43AdqaQJqHAh3B4PfUfnlBpnso7M8owSGhf8pgzaqzU7houIiS3vWrNrbszkGXiFaQGBVq96lc3SlmeoDRMUK07npuZYEyV4UzgpNLNNWaUDWkfO5ZKmqAOxrN7J+TEKhGJU2VLGjJTf0+MaaL1KAltZ0LNQC96U/E/r5Ob+DIYc5nlBiWbL4pzQUxKps+TiCtkRowsoUxxeythA6ooMzaiig3BW3x5mfhn9au6d3NeazSLNMpwBMdwCh5cQAOa0AIfGAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AQjhj4U=</latexit>

�S
<latexit sha1_base64="5pgYzAIhHNVjNhpI79qHMvmemS4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FPfRY0dhCG8pmu22XbjZxdyKU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgorq2vrG8XN0tb2zu5eef/gwcSpZtxnsYx1K6SGS6G4jwIlbyWa0yiUvBmOrqd+84lrI2J1j+OEBxEdKNEXjKKVWp0bLpGSu2654lbdGcgy8XJSgRyNbvmr04tZGnGFTFJj2p6bYJBRjYJJPil1UsMTykZ0wNuWKhpxE2SzeyfkxCo90o+1LYVkpv6eyGhkzDgKbWdEcWgWvan4n9dOsX8ZZEIlKXLF5ov6qSQYk+nzpCc0ZyjHllCmhb2VsCHVlKGNqGRD8BZfXib+WfWq6t2eV2r1PI0iHMExnIIHF1CDOjTABwYSnuEV3pxH58V5dz7mrQUnnzmEP3A+fwDLTo9d</latexit><latexit sha1_base64="5pgYzAIhHNVjNhpI79qHMvmemS4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FPfRY0dhCG8pmu22XbjZxdyKU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgorq2vrG8XN0tb2zu5eef/gwcSpZtxnsYx1K6SGS6G4jwIlbyWa0yiUvBmOrqd+84lrI2J1j+OEBxEdKNEXjKKVWp0bLpGSu2654lbdGcgy8XJSgRyNbvmr04tZGnGFTFJj2p6bYJBRjYJJPil1UsMTykZ0wNuWKhpxE2SzeyfkxCo90o+1LYVkpv6eyGhkzDgKbWdEcWgWvan4n9dOsX8ZZEIlKXLF5ov6qSQYk+nzpCc0ZyjHllCmhb2VsCHVlKGNqGRD8BZfXib+WfWq6t2eV2r1PI0iHMExnIIHF1CDOjTABwYSnuEV3pxH58V5dz7mrQUnnzmEP3A+fwDLTo9d</latexit><latexit sha1_base64="5pgYzAIhHNVjNhpI79qHMvmemS4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FPfRY0dhCG8pmu22XbjZxdyKU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgorq2vrG8XN0tb2zu5eef/gwcSpZtxnsYx1K6SGS6G4jwIlbyWa0yiUvBmOrqd+84lrI2J1j+OEBxEdKNEXjKKVWp0bLpGSu2654lbdGcgy8XJSgRyNbvmr04tZGnGFTFJj2p6bYJBRjYJJPil1UsMTykZ0wNuWKhpxE2SzeyfkxCo90o+1LYVkpv6eyGhkzDgKbWdEcWgWvan4n9dOsX8ZZEIlKXLF5ov6qSQYk+nzpCc0ZyjHllCmhb2VsCHVlKGNqGRD8BZfXib+WfWq6t2eV2r1PI0iHMExnIIHF1CDOjTABwYSnuEV3pxH58V5dz7mrQUnnzmEP3A+fwDLTo9d</latexit><latexit sha1_base64="5pgYzAIhHNVjNhpI79qHMvmemS4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FPfRY0dhCG8pmu22XbjZxdyKU0D/hxYOKV3+PN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgorq2vrG8XN0tb2zu5eef/gwcSpZtxnsYx1K6SGS6G4jwIlbyWa0yiUvBmOrqd+84lrI2J1j+OEBxEdKNEXjKKVWp0bLpGSu2654lbdGcgy8XJSgRyNbvmr04tZGnGFTFJj2p6bYJBRjYJJPil1UsMTykZ0wNuWKhpxE2SzeyfkxCo90o+1LYVkpv6eyGhkzDgKbWdEcWgWvan4n9dOsX8ZZEIlKXLF5ov6qSQYk+nzpCc0ZyjHllCmhb2VsCHVlKGNqGRD8BZfXib+WfWq6t2eV2r1PI0iHMExnIIHF1CDOjTABwYSnuEV3pxH58V5dz7mrQUnnzmEP3A+fwDLTo9d</latexit>

+
<latexit sha1_base64="LM8pBQm8uCMlATVDKX0jg83fWoE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignoreOmxBWMLbSib7aRdu9mE3Y1QSn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Tem3GKQUwHkkecUWOl5kWvXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+aFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noJphwmWYGJVssijJBTEJmX5M+V8iMGFtCmeL2VsKGVFFmbDYlG4K3/PIq8S+rt1WveVWp1fM0inACp3AOHlxDDerQAB8YIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A4feMiQ==</latexit><latexit sha1_base64="LM8pBQm8uCMlATVDKX0jg83fWoE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignoreOmxBWMLbSib7aRdu9mE3Y1QSn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Tem3GKQUwHkkecUWOl5kWvXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+aFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noJphwmWYGJVssijJBTEJmX5M+V8iMGFtCmeL2VsKGVFFmbDYlG4K3/PIq8S+rt1WveVWp1fM0inACp3AOHlxDDerQAB8YIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A4feMiQ==</latexit><latexit sha1_base64="LM8pBQm8uCMlATVDKX0jg83fWoE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignoreOmxBWMLbSib7aRdu9mE3Y1QSn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Tem3GKQUwHkkecUWOl5kWvXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+aFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noJphwmWYGJVssijJBTEJmX5M+V8iMGFtCmeL2VsKGVFFmbDYlG4K3/PIq8S+rt1WveVWp1fM0inACp3AOHlxDDerQAB8YIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A4feMiQ==</latexit><latexit sha1_base64="LM8pBQm8uCMlATVDKX0jg83fWoE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignoreOmxBWMLbSib7aRdu9mE3Y1QSn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhang2rjut1NYW9/Y3Cpul3Z29/YPyodHDzrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHdzO/9YRK80Tem3GKQUwHkkecUWOl5kWvXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+aFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noJphwmWYGJVssijJBTEJmX5M+V8iMGFtCmeL2VsKGVFFmbDYlG4K3/PIq8S+rt1WveVWp1fM0inACp3AOHlxDDerQAB8YIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A4feMiQ==</latexit>

=<latexit sha1_base64="3Ci2myNJraK0MlBOQC69a4NSLSI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwUuPLRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upv5rSdUmify3oxTDGI6kDzijBorNW975Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH/S2Mmw==</latexit><latexit sha1_base64="3Ci2myNJraK0MlBOQC69a4NSLSI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwUuPLRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upv5rSdUmify3oxTDGI6kDzijBorNW975Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH/S2Mmw==</latexit><latexit sha1_base64="3Ci2myNJraK0MlBOQC69a4NSLSI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwUuPLRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upv5rSdUmify3oxTDGI6kDzijBorNW975Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH/S2Mmw==</latexit><latexit sha1_base64="3Ci2myNJraK0MlBOQC69a4NSLSI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwUuPLRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4upv5rSdUmify3oxTDGI6kDzijBorNW975Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH/S2Mmw==</latexit>

Now compute the black hole Wald entropy.

The entropy is corrected by two effects.



After some tedious calculation, we obtain

B = (1� ⇠)2c0 + 20⇠c3 � 5⇠(1� ⇠)(2c3 + c6)
<latexit sha1_base64="GS/cp0SnWXplTNfE/9BkPjMaV40="></latexit><latexit sha1_base64="GS/cp0SnWXplTNfE/9BkPjMaV40="></latexit><latexit sha1_base64="GS/cp0SnWXplTNfE/9BkPjMaV40="></latexit><latexit sha1_base64="GS/cp0SnWXplTNfE/9BkPjMaV40="></latexit>

where the charge-to-mass parameter is

⇠ =

r
1� Q2

M2
<latexit sha1_base64="O+AcJacOh6QmIISgX8RWXd5mO5I=">AAACCHicbVDLSsNAFL3xWesr6tLNYBHcWJIiqAuhIIIboQVjC00sk+mkHTp5ODMRS8jWjb/ixoWKWz/BnX/j9LHQ1gP3cjjnXmbu8RPOpLKsb2NufmFxabmwUlxdW9/YNLe2b2ScCkIdEvNYNH0sKWcRdRRTnDYTQXHoc9rw++dDv3FPhWRxdK0GCfVC3I1YwAhWWmqbyH1g6Ay58k6ozD5EbiAwyeq3lTy70g3lbbNkla0R0CyxJ6QEE9Ta5pfbiUka0kgRjqVs2VaivAwLxQinedFNJU0w6eMubWka4ZBKLxtdkqN9rXRQEAtdkUIj9fdGhkMpB6GvJ0OsenLaG4r/ea1UBSdexqIkVTQi44eClCMVo2EsqMMEJYoPNMFEMP1XRHpYZ6F0eEUdgj198ixxKuXTsl0/KlUvJmkUYBf24ABsOIYqXEINHCDwCM/wCm/Gk/FivBsf49E5Y7KzA39gfP4AC1qY3g==</latexit><latexit sha1_base64="O+AcJacOh6QmIISgX8RWXd5mO5I=">AAACCHicbVDLSsNAFL3xWesr6tLNYBHcWJIiqAuhIIIboQVjC00sk+mkHTp5ODMRS8jWjb/ixoWKWz/BnX/j9LHQ1gP3cjjnXmbu8RPOpLKsb2NufmFxabmwUlxdW9/YNLe2b2ScCkIdEvNYNH0sKWcRdRRTnDYTQXHoc9rw++dDv3FPhWRxdK0GCfVC3I1YwAhWWmqbyH1g6Ay58k6ozD5EbiAwyeq3lTy70g3lbbNkla0R0CyxJ6QEE9Ta5pfbiUka0kgRjqVs2VaivAwLxQinedFNJU0w6eMubWka4ZBKLxtdkqN9rXRQEAtdkUIj9fdGhkMpB6GvJ0OsenLaG4r/ea1UBSdexqIkVTQi44eClCMVo2EsqMMEJYoPNMFEMP1XRHpYZ6F0eEUdgj198ixxKuXTsl0/KlUvJmkUYBf24ABsOIYqXEINHCDwCM/wCm/Gk/FivBsf49E5Y7KzA39gfP4AC1qY3g==</latexit><latexit sha1_base64="O+AcJacOh6QmIISgX8RWXd5mO5I=">AAACCHicbVDLSsNAFL3xWesr6tLNYBHcWJIiqAuhIIIboQVjC00sk+mkHTp5ODMRS8jWjb/ixoWKWz/BnX/j9LHQ1gP3cjjnXmbu8RPOpLKsb2NufmFxabmwUlxdW9/YNLe2b2ScCkIdEvNYNH0sKWcRdRRTnDYTQXHoc9rw++dDv3FPhWRxdK0GCfVC3I1YwAhWWmqbyH1g6Ay58k6ozD5EbiAwyeq3lTy70g3lbbNkla0R0CyxJ6QEE9Ta5pfbiUka0kgRjqVs2VaivAwLxQinedFNJU0w6eMubWka4ZBKLxtdkqN9rXRQEAtdkUIj9fdGhkMpB6GvJ0OsenLaG4r/ea1UBSdexqIkVTQi44eClCMVo2EsqMMEJYoPNMFEMP1XRHpYZ6F0eEUdgj198ixxKuXTsl0/KlUvJmkUYBf24ABsOIYqXEINHCDwCM/wCm/Gk/FivBsf49E5Y7KzA39gfP4AC1qY3g==</latexit><latexit sha1_base64="O+AcJacOh6QmIISgX8RWXd5mO5I=">AAACCHicbVDLSsNAFL3xWesr6tLNYBHcWJIiqAuhIIIboQVjC00sk+mkHTp5ODMRS8jWjb/ixoWKWz/BnX/j9LHQ1gP3cjjnXmbu8RPOpLKsb2NufmFxabmwUlxdW9/YNLe2b2ScCkIdEvNYNH0sKWcRdRRTnDYTQXHoc9rw++dDv3FPhWRxdK0GCfVC3I1YwAhWWmqbyH1g6Ay58k6ozD5EbiAwyeq3lTy70g3lbbNkla0R0CyxJ6QEE9Ta5pfbiUka0kgRjqVs2VaivAwLxQinedFNJU0w6eMubWka4ZBKLxtdkqN9rXRQEAtdkUIj9fdGhkMpB6GvJ0OsenLaG4r/ea1UBSdexqIkVTQi44eClCMVo2EsqMMEJYoPNMFEMP1XRHpYZ6F0eEUdgj198ixxKuXTsl0/KlUvJmkUYBf24ABsOIYqXEINHCDwCM/wCm/Gk/FivBsf49E5Y7KzA39gfP4AC1qY3g==</latexit>

so
⇠ = 0

<latexit sha1_base64="/WxpI1CHG7iZwa1w7TYuO66/QWM=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoiOCxgrGFNpTNdtMu3WzC7kQsoT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777Swtr6yurZc2yptb2zu7lb39B5NkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ74zUeujUjUPY5SHsS0r0QkGEUrNTtPglwRt1upujV3CrJIvIJUoUCjW/nq9BKWxVwhk9SYtuemGORUo2CSj8udzPCUsiHt87alisbcBPn03DE5tkqPRIm2pZBM1d8TOY2NGcWh7YwpDsy8NxH/89oZRhdBLlSaIVdstijKJMGETH4nPaE5QzmyhDIt7K2EDaimDG1CZRuCN//yIvFPa5c17+6sWr8p0ijBIRzBCXhwDnW4hQb4wGAIz/AKb07qvDjvzsesdckpZg7gD5zPH2mXjoE=</latexit><latexit sha1_base64="/WxpI1CHG7iZwa1w7TYuO66/QWM=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoiOCxgrGFNpTNdtMu3WzC7kQsoT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777Swtr6yurZc2yptb2zu7lb39B5NkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ74zUeujUjUPY5SHsS0r0QkGEUrNTtPglwRt1upujV3CrJIvIJUoUCjW/nq9BKWxVwhk9SYtuemGORUo2CSj8udzPCUsiHt87alisbcBPn03DE5tkqPRIm2pZBM1d8TOY2NGcWh7YwpDsy8NxH/89oZRhdBLlSaIVdstijKJMGETH4nPaE5QzmyhDIt7K2EDaimDG1CZRuCN//yIvFPa5c17+6sWr8p0ijBIRzBCXhwDnW4hQb4wGAIz/AKb07qvDjvzsesdckpZg7gD5zPH2mXjoE=</latexit><latexit sha1_base64="/WxpI1CHG7iZwa1w7TYuO66/QWM=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoiOCxgrGFNpTNdtMu3WzC7kQsoT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777Swtr6yurZc2yptb2zu7lb39B5NkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ74zUeujUjUPY5SHsS0r0QkGEUrNTtPglwRt1upujV3CrJIvIJUoUCjW/nq9BKWxVwhk9SYtuemGORUo2CSj8udzPCUsiHt87alisbcBPn03DE5tkqPRIm2pZBM1d8TOY2NGcWh7YwpDsy8NxH/89oZRhdBLlSaIVdstijKJMGETH4nPaE5QzmyhDIt7K2EDaimDG1CZRuCN//yIvFPa5c17+6sWr8p0ijBIRzBCXhwDnW4hQb4wGAIz/AKb07qvDjvzsesdckpZg7gD5zPH2mXjoE=</latexit><latexit sha1_base64="/WxpI1CHG7iZwa1w7TYuO66/QWM=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoiOCxgrGFNpTNdtMu3WzC7kQsoT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777Swtr6yurZc2yptb2zu7lb39B5NkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ74zUeujUjUPY5SHsS0r0QkGEUrNTtPglwRt1upujV3CrJIvIJUoUCjW/nq9BKWxVwhk9SYtuemGORUo2CSj8udzPCUsiHt87alisbcBPn03DE5tkqPRIm2pZBM1d8TOY2NGcWh7YwpDsy8NxH/89oZRhdBLlSaIVdstijKJMGETH4nPaE5QzmyhDIt7K2EDaimDG1CZRuCN//yIvFPa5c17+6sWr8p0ijBIRzBCXhwDnW4hQb4wGAIz/AKb07qvDjvzsesdckpZg7gD5zPH2mXjoE=</latexit>

⇠ = 1
<latexit sha1_base64="/rjRgQ5RqGZhFNq4qZNHIaj3n+s=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoiOCxgrGFNpTNdtMu3WzC7kQsoT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777Swtr6yurZc2yptb2zu7lb39B5NkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ74zUeujUjUPY5SHsS0r0QkGEUrNTtPglwRr1upujV3CrJIvIJUoUCjW/nq9BKWxVwhk9SYtuemGORUo2CSj8udzPCUsiHt87alisbcBPn03DE5tkqPRIm2pZBM1d8TOY2NGcWh7YwpDsy8NxH/89oZRhdBLlSaIVdstijKJMGETH4nPaE5QzmyhDIt7K2EDaimDG1CZRuCN//yIvFPa5c17+6sWr8p0ijBIRzBCXhwDnW4hQb4wGAIz/AKb07qvDjvzsesdckpZg7gD5zPH2sajoI=</latexit><latexit sha1_base64="/rjRgQ5RqGZhFNq4qZNHIaj3n+s=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoiOCxgrGFNpTNdtMu3WzC7kQsoT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777Swtr6yurZc2yptb2zu7lb39B5NkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ74zUeujUjUPY5SHsS0r0QkGEUrNTtPglwRr1upujV3CrJIvIJUoUCjW/nq9BKWxVwhk9SYtuemGORUo2CSj8udzPCUsiHt87alisbcBPn03DE5tkqPRIm2pZBM1d8TOY2NGcWh7YwpDsy8NxH/89oZRhdBLlSaIVdstijKJMGETH4nPaE5QzmyhDIt7K2EDaimDG1CZRuCN//yIvFPa5c17+6sWr8p0ijBIRzBCXhwDnW4hQb4wGAIz/AKb07qvDjvzsesdckpZg7gD5zPH2sajoI=</latexit><latexit sha1_base64="/rjRgQ5RqGZhFNq4qZNHIaj3n+s=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoiOCxgrGFNpTNdtMu3WzC7kQsoT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777Swtr6yurZc2yptb2zu7lb39B5NkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ74zUeujUjUPY5SHsS0r0QkGEUrNTtPglwRr1upujV3CrJIvIJUoUCjW/nq9BKWxVwhk9SYtuemGORUo2CSj8udzPCUsiHt87alisbcBPn03DE5tkqPRIm2pZBM1d8TOY2NGcWh7YwpDsy8NxH/89oZRhdBLlSaIVdstijKJMGETH4nPaE5QzmyhDIt7K2EDaimDG1CZRuCN//yIvFPa5c17+6sWr8p0ijBIRzBCXhwDnW4hQb4wGAIz/AKb07qvDjvzsesdckpZg7gD5zPH2sajoI=</latexit><latexit sha1_base64="/rjRgQ5RqGZhFNq4qZNHIaj3n+s=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoiOCxgrGFNpTNdtMu3WzC7kQsoT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwlQKg6777Swtr6yurZc2yptb2zu7lb39B5NkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ74zUeujUjUPY5SHsS0r0QkGEUrNTtPglwRr1upujV3CrJIvIJUoUCjW/nq9BKWxVwhk9SYtuemGORUo2CSj8udzPCUsiHt87alisbcBPn03DE5tkqPRIm2pZBM1d8TOY2NGcWh7YwpDsy8NxH/89oZRhdBLlSaIVdstijKJMGETH4nPaE5QzmyhDIt7K2EDaimDG1CZRuCN//yIvFPa5c17+6sWr8p0ijBIRzBCXhwDnW4hQb4wGAIz/AKb07qvDjvzsesdckpZg7gD5zPH2sajoI=</latexit>

(extremal)

(neutral)

�S / S̃ ⇥ B
M2

<latexit sha1_base64="3vHI50NtFOF4GvvFRJ2Iw44+2B0=">AAACHXicbZDJSgNBEIZ74hbjFvXopTEInsJMUNRbcAEvQkRjApkYejo1SZOehe4aIQx5Ei++ihcPKh68iG9jZzlo4g8NH39VUV2/F0uh0ba/rczc/MLiUnY5t7K6tr6R39y601GiOFR5JCNV95gGKUKookAJ9VgBCzwJNa93NqzXHkBpEYW32I+hGbBOKHzBGRqrlT90z0EiozeUurGKYowMoJBtMJaBADR1fcV46nIm6ekgvbovDVr5gl20R6Kz4EygQCaqtPKfbjviSQAhcsm0bjh2jM2UKRRcwiDnJhpixnusAw2DITN7m+novAHdM06b+pEyL0Q6cn9PpCzQuh94pjNg2NXTtaH5X62RoH/cTEUYJwghHy/yE0lNCMOsaFso4Cj7BhhXwvyV8i4zYaBJNGdCcKZPnoVqqXhSdK4PCuWLSRpZskN2yT5xyBEpk0tSIVXCySN5Jq/kzXqyXqx362PcmrEmM9vkj6yvH4cQoR8=</latexit><latexit sha1_base64="3vHI50NtFOF4GvvFRJ2Iw44+2B0=">AAACHXicbZDJSgNBEIZ74hbjFvXopTEInsJMUNRbcAEvQkRjApkYejo1SZOehe4aIQx5Ei++ihcPKh68iG9jZzlo4g8NH39VUV2/F0uh0ba/rczc/MLiUnY5t7K6tr6R39y601GiOFR5JCNV95gGKUKookAJ9VgBCzwJNa93NqzXHkBpEYW32I+hGbBOKHzBGRqrlT90z0EiozeUurGKYowMoJBtMJaBADR1fcV46nIm6ekgvbovDVr5gl20R6Kz4EygQCaqtPKfbjviSQAhcsm0bjh2jM2UKRRcwiDnJhpixnusAw2DITN7m+novAHdM06b+pEyL0Q6cn9PpCzQuh94pjNg2NXTtaH5X62RoH/cTEUYJwghHy/yE0lNCMOsaFso4Cj7BhhXwvyV8i4zYaBJNGdCcKZPnoVqqXhSdK4PCuWLSRpZskN2yT5xyBEpk0tSIVXCySN5Jq/kzXqyXqx362PcmrEmM9vkj6yvH4cQoR8=</latexit><latexit sha1_base64="3vHI50NtFOF4GvvFRJ2Iw44+2B0=">AAACHXicbZDJSgNBEIZ74hbjFvXopTEInsJMUNRbcAEvQkRjApkYejo1SZOehe4aIQx5Ei++ihcPKh68iG9jZzlo4g8NH39VUV2/F0uh0ba/rczc/MLiUnY5t7K6tr6R39y601GiOFR5JCNV95gGKUKookAJ9VgBCzwJNa93NqzXHkBpEYW32I+hGbBOKHzBGRqrlT90z0EiozeUurGKYowMoJBtMJaBADR1fcV46nIm6ekgvbovDVr5gl20R6Kz4EygQCaqtPKfbjviSQAhcsm0bjh2jM2UKRRcwiDnJhpixnusAw2DITN7m+novAHdM06b+pEyL0Q6cn9PpCzQuh94pjNg2NXTtaH5X62RoH/cTEUYJwghHy/yE0lNCMOsaFso4Cj7BhhXwvyV8i4zYaBJNGdCcKZPnoVqqXhSdK4PCuWLSRpZskN2yT5xyBEpk0tSIVXCySN5Jq/kzXqyXqx362PcmrEmM9vkj6yvH4cQoR8=</latexit><latexit sha1_base64="3vHI50NtFOF4GvvFRJ2Iw44+2B0=">AAACHXicbZDJSgNBEIZ74hbjFvXopTEInsJMUNRbcAEvQkRjApkYejo1SZOehe4aIQx5Ei++ihcPKh68iG9jZzlo4g8NH39VUV2/F0uh0ba/rczc/MLiUnY5t7K6tr6R39y601GiOFR5JCNV95gGKUKookAJ9VgBCzwJNa93NqzXHkBpEYW32I+hGbBOKHzBGRqrlT90z0EiozeUurGKYowMoJBtMJaBADR1fcV46nIm6ekgvbovDVr5gl20R6Kz4EygQCaqtPKfbjviSQAhcsm0bjh2jM2UKRRcwiDnJhpixnusAw2DITN7m+novAHdM06b+pEyL0Q6cn9PpCzQuh94pjNg2NXTtaH5X62RoH/cTEUYJwghHy/yE0lNCMOsaFso4Cj7BhhXwvyV8i4zYaBJNGdCcKZPnoVqqXhSdK4PCuWLSRpZskN2yT5xyBEpk0tSIVXCySN5Jq/kzXqyXqx362PcmrEmM9vkj6yvH4cQoR8=</latexit>

invariant
under field 

redefinitions!



positive entropy shift → WGC

For highly charged black holes, the entropy 
shift is proportional to the WGC bound.

Entropy and WGC are intimately connected!

�S / c0
<latexit sha1_base64="W63sL5+FiwGd48xaraScG1K9bjk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIjgror6KLLio4tdIYhk6ZtaCYJSUaoQ/FX3LhQceuHuPNvTNtZaOuBC4dz7uXeexLJqDae9+2UlpZXVtfK65WNza3tHXd3716LTGESYMGEaidIE0Y5CQw1jLSlIihNGGklw6uJ33ogSlPB78xIkihFfU57FCNjpdg9CK8JMwjewlAqIY2AOPZit+rVvCngIvELUgUFmrH7FXYFzlLCDWZI647vSRPlSBmKGRlXwkwTifAQ9UnHUo5SoqN8ev0YHlulC3tC2eIGTtXfEzlKtR6lie1MkRnoeW8i/ud1MtO7iHLKZWYIx7NFvYxB++QkCtilimDDRpYgrKi9FeIBUggbG1jFhuDPv7xIgtPaZc2/OavWG0UaZXAIjsAJ8ME5qIMGaIIAYPAInsEreHOenBfn3fmYtZacYmYf/IHz+QOPvpQ4</latexit><latexit sha1_base64="W63sL5+FiwGd48xaraScG1K9bjk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIjgror6KLLio4tdIYhk6ZtaCYJSUaoQ/FX3LhQceuHuPNvTNtZaOuBC4dz7uXeexLJqDae9+2UlpZXVtfK65WNza3tHXd3716LTGESYMGEaidIE0Y5CQw1jLSlIihNGGklw6uJ33ogSlPB78xIkihFfU57FCNjpdg9CK8JMwjewlAqIY2AOPZit+rVvCngIvELUgUFmrH7FXYFzlLCDWZI647vSRPlSBmKGRlXwkwTifAQ9UnHUo5SoqN8ev0YHlulC3tC2eIGTtXfEzlKtR6lie1MkRnoeW8i/ud1MtO7iHLKZWYIx7NFvYxB++QkCtilimDDRpYgrKi9FeIBUggbG1jFhuDPv7xIgtPaZc2/OavWG0UaZXAIjsAJ8ME5qIMGaIIAYPAInsEreHOenBfn3fmYtZacYmYf/IHz+QOPvpQ4</latexit><latexit sha1_base64="W63sL5+FiwGd48xaraScG1K9bjk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIjgror6KLLio4tdIYhk6ZtaCYJSUaoQ/FX3LhQceuHuPNvTNtZaOuBC4dz7uXeexLJqDae9+2UlpZXVtfK65WNza3tHXd3716LTGESYMGEaidIE0Y5CQw1jLSlIihNGGklw6uJ33ogSlPB78xIkihFfU57FCNjpdg9CK8JMwjewlAqIY2AOPZit+rVvCngIvELUgUFmrH7FXYFzlLCDWZI647vSRPlSBmKGRlXwkwTifAQ9UnHUo5SoqN8ev0YHlulC3tC2eIGTtXfEzlKtR6lie1MkRnoeW8i/ud1MtO7iHLKZWYIx7NFvYxB++QkCtilimDDRpYgrKi9FeIBUggbG1jFhuDPv7xIgtPaZc2/OavWG0UaZXAIjsAJ8ME5qIMGaIIAYPAInsEreHOenBfn3fmYtZacYmYf/IHz+QOPvpQ4</latexit><latexit sha1_base64="W63sL5+FiwGd48xaraScG1K9bjk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIjgror6KLLio4tdIYhk6ZtaCYJSUaoQ/FX3LhQceuHuPNvTNtZaOuBC4dz7uXeexLJqDae9+2UlpZXVtfK65WNza3tHXd3716LTGESYMGEaidIE0Y5CQw1jLSlIihNGGklw6uJ33ogSlPB78xIkihFfU57FCNjpdg9CK8JMwjewlAqIY2AOPZit+rVvCngIvELUgUFmrH7FXYFzlLCDWZI647vSRPlSBmKGRlXwkwTifAQ9UnHUo5SoqN8ev0YHlulC3tC2eIGTtXfEzlKtR6lie1MkRnoeW8i/ud1MtO7iHLKZWYIx7NFvYxB++QkCtilimDDRpYgrKi9FeIBUggbG1jFhuDPv7xIgtPaZc2/OavWG0UaZXAIjsAJ8ME5qIMGaIIAYPAInsEreHOenBfn3fmYtZacYmYf/IHz+QOPvpQ4</latexit>

�S > 0
<latexit sha1_base64="e+ncIY140DdndGpSULz+Is9MwR4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S0EOPFY0tNKFstpN26eaD3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmBangStv2t1VaWV1b3yhvVra2d3b3qvsHjyrJJEOXJSKRnYAqFDxGV3MtsJNKpFEgsB2MbqZ++wml4kn8oMcp+hEdxDzkjGojed4tCk3JPbkmdq9as+v2DGSZOAWpQYFWr/rl9ROWRRhrJqhSXcdOtZ9TqTkTOKl4mcKUshEdYNfQmEao/Hx284ScGKVPwkSaijWZqb8nchopNY4C0xlRPVSL3lT8z+tmOrz0cx6nmcaYzReFmSA6IdMASJ9LZFqMDaFMcnMrYUMqKdMmpooJwVl8eZm4Z/WrunN3Xms0izTKcATHcAoOXEADmtACFxik8Ayv8GZl1ov1bn3MW0tWMXMIf2B9/gByJpAz</latexit><latexit sha1_base64="e+ncIY140DdndGpSULz+Is9MwR4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S0EOPFY0tNKFstpN26eaD3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmBangStv2t1VaWV1b3yhvVra2d3b3qvsHjyrJJEOXJSKRnYAqFDxGV3MtsJNKpFEgsB2MbqZ++wml4kn8oMcp+hEdxDzkjGojed4tCk3JPbkmdq9as+v2DGSZOAWpQYFWr/rl9ROWRRhrJqhSXcdOtZ9TqTkTOKl4mcKUshEdYNfQmEao/Hx284ScGKVPwkSaijWZqb8nchopNY4C0xlRPVSL3lT8z+tmOrz0cx6nmcaYzReFmSA6IdMASJ9LZFqMDaFMcnMrYUMqKdMmpooJwVl8eZm4Z/WrunN3Xms0izTKcATHcAoOXEADmtACFxik8Ayv8GZl1ov1bn3MW0tWMXMIf2B9/gByJpAz</latexit><latexit sha1_base64="e+ncIY140DdndGpSULz+Is9MwR4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S0EOPFY0tNKFstpN26eaD3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmBangStv2t1VaWV1b3yhvVra2d3b3qvsHjyrJJEOXJSKRnYAqFDxGV3MtsJNKpFEgsB2MbqZ++wml4kn8oMcp+hEdxDzkjGojed4tCk3JPbkmdq9as+v2DGSZOAWpQYFWr/rl9ROWRRhrJqhSXcdOtZ9TqTkTOKl4mcKUshEdYNfQmEao/Hx284ScGKVPwkSaijWZqb8nchopNY4C0xlRPVSL3lT8z+tmOrz0cx6nmcaYzReFmSA6IdMASJ9LZFqMDaFMcnMrYUMqKdMmpooJwVl8eZm4Z/WrunN3Xms0izTKcATHcAoOXEADmtACFxik8Ayv8GZl1ov1bn3MW0tWMXMIf2B9/gByJpAz</latexit><latexit sha1_base64="e+ncIY140DdndGpSULz+Is9MwR4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S0EOPFY0tNKFstpN26eaD3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmBangStv2t1VaWV1b3yhvVra2d3b3qvsHjyrJJEOXJSKRnYAqFDxGV3MtsJNKpFEgsB2MbqZ++wml4kn8oMcp+hEdxDzkjGojed4tCk3JPbkmdq9as+v2DGSZOAWpQYFWr/rl9ROWRRhrJqhSXcdOtZ9TqTkTOKl4mcKUshEdYNfQmEao/Hx284ScGKVPwkSaijWZqb8nchopNY4C0xlRPVSL3lT8z+tmOrz0cx6nmcaYzReFmSA6IdMASJ9LZFqMDaFMcnMrYUMqKdMmpooJwVl8eZm4Z/WrunN3Xms0izTKcATHcAoOXEADmtACFxik8Ayv8GZl1ov1bn3MW0tWMXMIf2B9/gByJpAz</latexit>

c0 > 0
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positive entropy shift

implies
black holes ensure WGC

(⇠ ⌧ 1)
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positive entropy shift → WGC

The WGC/entropy linkage is true in arbitrary 
dimensions and for multiple U(1) factors.3

massive-U(1)-charged particle, it briefly supports an as-
sociated electric field, but after a time of order the pho-
ton Compton wavelength, it balds [14] when the gauge
field is radiated away to infinity or through the horizon.

ii) New physics enters below the Planck scale. The
simplest way to reconcile the WGC with naturalness is
for the e�ective field theory to break down at a cuto�
defined by Eq. (8). There could be new light states regu-
lating quadratic divergences of „, e�ectively lowering �.
This option resolves the contradiction tautologically by
eliminating the hierarchy problem altogether. However,
a more interesting alternative occurs when the new states
do not couple to „. The quadratic divergence of „ is ro-
bust and m is large. If one of these new states satisfies
Eq. (1), then „ is irrelevant: the WGC and naturalness
are reconciled. Thus, asserting naturalness o�ers Eq. (8)
as a more precise version of the low cuto� conjecture of
Ref. [3] stated in Eq. (2).

MORE FORCES, MORE PARTICLES

Extending our results to various charged species of
di�erent spins, the WGC implies that at least one state
in the spectrum must satisfy Eq. (1) after taking into
account radiative corrections. Naturalness is violated in
parameter regions with a hierarchy between charges and
couplings that generate quadratic divergences (quartic
couplings, Yukawa couplings).

The story becomes more interesting for product gauge
symmetries. Consider a gauge group

rN
a=1 U(1)a and

particles i with charges qia and masses mi. We rep-
resent the charges, q̨i = qia, and charge-to-mass ra-
tios, z̨i = qiamPl/mi, as vectors of SO(N), the sym-
metry transforming the N photons among each other.
If present, photon kinetic mixing can be removed by a
general linear transformation on the photons, which is
equivalent to redefining charge vectors of states in the
theory.

To generalize the WGC for multi-charged particles,
Eq. (1) is inadequate and requires upgrading to a con-
straint on q̨i and mi. Ref. [3] briefly alluded to this
scenario, but detailed analysis will reveal quantitative
di�erences between the WGC as applied to a single
U(1) versus many. By symmetry, the proper general-
ized WGC must be SO(N) invariant. Naïvely, the WGC
could require at least one species i with |z̨i| > 1. How-
ever, this is insu�cient—it guarantees the existence of
one particle of large total charge, but preserves stability
for orthogonally-charged extremal black holes. A stricter
alternative is that for each U(1) there exists a species i

charged under that U(1) with |z̨i| > 1. Curiously, this is
still actually weaker than the true generalized WGC.

To determine the proper generalized WGC, we re-
visit black hole decay kinematics. Consider a black
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Figure 1. Vectors representing charge-to-mass ratios for two
species charged under two Abelian gauge symmetries. When
the convex hull defined by these vectors contains the unit
ball, then extremal black holes can decay to particles and
the condition of the WGC is satisfied.

hole of charge Q̨, mass M , and charge-to-mass ratio
Z̨ = Q̨ mPl/M decaying to a final state comprised of ni

particles of species i. Charge and energy conservation
imply Q̨ =

q
i niq̨i and M >

q
i nimi. If ‡i = nimi/M

is the species i fraction of the total final state mass, then
Z̨ =

q
i ‡iz̨i and 1 >

q
i ‡i; decay requires that Z̨ be

a subunitary weighted average of z̨i. This criterion has
a geometric interpretation in charge space. Draw the
vectors ±z̨i corresponding to the charge-to-mass ratio of
each fundamental particle in the spectrum. A weighted
average of z̨i defines the convex hull spanned by the vec-
tors, delineating the space of Z̨ that is unstable to de-
cay. Any state outside the convex hull is stable. Since
extremal black holes correspond to |Z̨| = 1, the general-
ized WGC requires that the convex hull spanned by ±z̨i

contain the unit ball.
Consider a model of two Abelian factors and two

charged states. The left and right panels of Fig. 1 repre-
sent two possible choices for the charge-to-mass ratios of
the particles. Black holes of all possible charges are rep-
resented by the unit disc. The left panel of Fig. 1 depicts
a theory that is consistent with the WGC: the unit disc
is contained in the convex hull. Extremal black holes,
the boundary of this disc, can decay. However, the right
panel of Fig. 1 depicts a theory that violates the WGC:
there are regions of the unit disc not within the con-
vex hull, corresponding to stable black hole remnants.
Remarkably, this theory fails the WGC despite the fact
that |z̨1| > 1 and |z̨2| > 1. Simple geometry shows that
the WGC imposes the more stringent constraint:

(z̨ 2
1 ≠ 1)(z̨ 2

2 ≠ 1) > (1 + |z̨1 · z̨2|)2
. (9)

For example, given orthogonal charges of equal magni-
tude, |z̨1| = |z̨2| = z and z̨1 ‹ z̨2, Eq. (9) implies z >

Ô
2,

manifestly stronger than the z > 1 condition required for
theories with a single U(1). Note that the WGC places
constraints on z̨1 and z̨2 that are not mathematically in-
dependent. Were a particular value of z̨1 experimentally
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Figure 2: Constraints on higher-dimension operator coe�cients derived from black hole entropy.
The shaded regions are excluded, with the gradations corresponding to incremental values of
› œ [0, 1]. In the left and right panels, the exactly vertical bounds correspond to › = 1 and › = 0,
respectively, which imply positivity of the Riemann-squared operator and the WGC, respectively.

degrees of freedom on top of this baseline theory would then induce corrections to existing higher-
dimension operator coe�cients that are constrained by our methods. The resulting positivity
bounds would be exactly of the form of Eq. (43) except interpreted as di�erential conditions
where the ci are shifts of the higher-dimension operator coe�cients arising from new degrees
of freedom. More broadly, integrating out a generic state should induce corrections to higher-
dimension operator coe�cients that also satisfy Eq. (43).

5.2 Riemann-Squared Term

In the limit of a neutral black hole we take › = 1 and our bound becomes

c3 > 0, (45)

which tells us that the coe�cient of Rµ‹fl‡Rµ‹fl‡ is positive. A related claim was also proved in
Ref. [14], which showed via unitarity of the spectral representation that every possible tree-level
ultraviolet completion of this operator yields a positive coe�cient in general dimension. Note that
this constraint accords with explicit examples from string theory [26–29].

In the case of pure gravity, this operator is equivalent to the Gauss-Bonnet term,

Rµ‹fl‡Rµ‹fl‡
≠ 4Rµ‹Rµ‹ + R2, (46)

modulo a field redefinition of the gravitational field that e�ectively inserts the equations of motion,
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other implications



Which entropy?



S ⇠ M2 + logM + 1 + · · ·
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Local higher-dimension operators comprise 
the last term, which naively never dominates.

However, the actual parametric size of the 
dimensionless prefactors is crucial.

From dimensional analysis, we know that the 
entropy receives contributions of the form



In a weakly coupled completion of gravity, the 
higher-dimensional operators are enhanced.

E.g. the Virasoro-Shapiro amplitude implies
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<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>
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<latexit sha1_base64="jiaSERohcqeBm1pHpapujRZDktE=">AAACIHicbZDLSsNAFIYnXmu9RV26GSyCIJSkCHVZEMFlBXuBThsmk0k7dCaJMxOhhDyKG1/FjQtFdKdP47TNQlt/GPj4zzmcOb+fcKa043xZK6tr6xubpa3y9s7u3r59cNhWcSoJbZGYx7LrY0U5i2hLM81pN5EUC5/Tjj++mtY7D1QqFkd3epLQvsDDiIWMYG0sz66j+xQHECkmIAolJpka1PJMeBmSAjZ5PqhB4aFkxAzkEJ5DRIJYK8+uOFVnJrgMbgEVUKjp2Z8oiEkqaKQJx0r1XCfR/QxLzQineRmliiaYjPGQ9gxGWFDVz2YH5vDUOAEMY2lepOHM/T2RYaHURPimU2A9Uou1qflfrZfq8LKfsShJNY3IfFGYcqhjOE0LBkxSovnEACaSmb9CMsImJm0yLZsQ3MWTl6Fdq7pO1b29qDSuizhK4BicgDPggjpogBvQBC1AwCN4Bq/gzXqyXqx362PeumIVM0fgj6zvHzFrolM=</latexit><latexit sha1_base64="jiaSERohcqeBm1pHpapujRZDktE=">AAACIHicbZDLSsNAFIYnXmu9RV26GSyCIJSkCHVZEMFlBXuBThsmk0k7dCaJMxOhhDyKG1/FjQtFdKdP47TNQlt/GPj4zzmcOb+fcKa043xZK6tr6xubpa3y9s7u3r59cNhWcSoJbZGYx7LrY0U5i2hLM81pN5EUC5/Tjj++mtY7D1QqFkd3epLQvsDDiIWMYG0sz66j+xQHECkmIAolJpka1PJMeBmSAjZ5PqhB4aFkxAzkEJ5DRIJYK8+uOFVnJrgMbgEVUKjp2Z8oiEkqaKQJx0r1XCfR/QxLzQineRmliiaYjPGQ9gxGWFDVz2YH5vDUOAEMY2lepOHM/T2RYaHURPimU2A9Uou1qflfrZfq8LKfsShJNY3IfFGYcqhjOE0LBkxSovnEACaSmb9CMsImJm0yLZsQ3MWTl6Fdq7pO1b29qDSuizhK4BicgDPggjpogBvQBC1AwCN4Bq/gzXqyXqx362PeumIVM0fgj6zvHzFrolM=</latexit><latexit sha1_base64="jiaSERohcqeBm1pHpapujRZDktE=">AAACIHicbZDLSsNAFIYnXmu9RV26GSyCIJSkCHVZEMFlBXuBThsmk0k7dCaJMxOhhDyKG1/FjQtFdKdP47TNQlt/GPj4zzmcOb+fcKa043xZK6tr6xubpa3y9s7u3r59cNhWcSoJbZGYx7LrY0U5i2hLM81pN5EUC5/Tjj++mtY7D1QqFkd3epLQvsDDiIWMYG0sz66j+xQHECkmIAolJpka1PJMeBmSAjZ5PqhB4aFkxAzkEJ5DRIJYK8+uOFVnJrgMbgEVUKjp2Z8oiEkqaKQJx0r1XCfR/QxLzQineRmliiaYjPGQ9gxGWFDVz2YH5vDUOAEMY2lepOHM/T2RYaHURPimU2A9Uou1qflfrZfq8LKfsShJNY3IfFGYcqhjOE0LBkxSovnEACaSmb9CMsImJm0yLZsQ3MWTl6Fdq7pO1b29qDSuizhK4BicgDPggjpogBvQBC1AwCN4Bq/gzXqyXqx362PeumIVM0fgj6zvHzFrolM=</latexit><latexit sha1_base64="jiaSERohcqeBm1pHpapujRZDktE=">AAACIHicbZDLSsNAFIYnXmu9RV26GSyCIJSkCHVZEMFlBXuBThsmk0k7dCaJMxOhhDyKG1/FjQtFdKdP47TNQlt/GPj4zzmcOb+fcKa043xZK6tr6xubpa3y9s7u3r59cNhWcSoJbZGYx7LrY0U5i2hLM81pN5EUC5/Tjj++mtY7D1QqFkd3epLQvsDDiIWMYG0sz66j+xQHECkmIAolJpka1PJMeBmSAjZ5PqhB4aFkxAzkEJ5DRIJYK8+uOFVnJrgMbgEVUKjp2Z8oiEkqaKQJx0r1XCfR/QxLzQineRmliiaYjPGQ9gxGWFDVz2YH5vDUOAEMY2lepOHM/T2RYaHURPimU2A9Uou1qflfrZfq8LKfsShJNY3IfFGYcqhjOE0LBkxSovnEACaSmb9CMsImJm0yLZsQ3MWTl6Fdq7pO1b29qDSuizhK4BicgDPggjpogBvQBC1AwCN4Bq/gzXqyXqx362PeumIVM0fgj6zvHzFrolM=</latexit>
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Modulo signs, the entropy contributions are

quantum 
corrections
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<latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit>
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Modulo signs, the entropy contributions are

quantum 
corrections

to gravitational 
constant

quantum 
corrections
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operators

�
<latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit>
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<latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit>
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Modulo signs, the entropy contributions are
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constant

quantum 
corrections

to higher-dim
operators

�
<latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit>

(always)

�
<latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit><latexit sha1_base64="HwkDmf7SZz6qEtnII4Wpt8Sh2Bs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBI8V7Qe0oWy2k3TpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genjU1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3nlBpnshHM0nRj2kkecgZNVZ66EfRoFpz6+4cZJV4BalBgeag+tUfJiyLURomqNY9z02Nn1NlOBM4rfQzjSllYxphz1JJY9R+Pj91Ss6sMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJr/2cyzQzKNliUZgJYhIy+5sMuUJmxMQSyhS3txI2oooyY9Op2BC85ZdXSfui7rl17/6y1rgt4ijDCZzCOXhwBQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz/vjcU=</latexit>
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<latexit sha1_base64="bOk8UWnU+j2ijIR0KqgojknWmrY="></latexit><latexit sha1_base64="bOk8UWnU+j2ijIR0KqgojknWmrY="></latexit><latexit sha1_base64="bOk8UWnU+j2ijIR0KqgojknWmrY="></latexit><latexit sha1_base64="bOk8UWnU+j2ijIR0KqgojknWmrY="></latexit>

mPl
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Pl

⇠ R
<latexit sha1_base64="J+vstuethEtM+LoBgoeK5/ZfC5M=">AAACJnicbVDLSsNAFJ34rPUVdelmsAiuSlIE3QgFEdwIVewDmhgm00k6dCYJMxOhhHyNG3/FjYuKiDs/xWmaRW09MHA451zu3OMnjEplWd/Gyura+sZmZau6vbO7t28eHHZknApM2jhmsej5SBJGI9JWVDHSSwRB3Gek64+up373mQhJ4+hRjRPichRGNKAYKS155pUTCIQz7mWO4LDF8lxzJxnSp0YOnTCEM/8un4sUlqQcPnhmzapbBeAysUtSAyVanjlxBjFOOYkUZkjKvm0lys2QUBQzkledVJIE4REKSV/TCHEi3aw4M4enWhnAIBb6RQoW6vxEhriUY+7rJEdqKBe9qfif109VcOlmNEpSRSI8WxSkDKoYTjuDAyoIVmysCcKC6r9CPES6F6WbreoS7MWTl0mnUbetun1/XmvelHVUwDE4AWfABhegCW5BC7QBBi/gDUzAh/FqvBufxtcsumKUM0fgD4yfXwE8pg0=</latexit><latexit sha1_base64="J+vstuethEtM+LoBgoeK5/ZfC5M=">AAACJnicbVDLSsNAFJ34rPUVdelmsAiuSlIE3QgFEdwIVewDmhgm00k6dCYJMxOhhHyNG3/FjYuKiDs/xWmaRW09MHA451zu3OMnjEplWd/Gyura+sZmZau6vbO7t28eHHZknApM2jhmsej5SBJGI9JWVDHSSwRB3Gek64+up373mQhJ4+hRjRPichRGNKAYKS155pUTCIQz7mWO4LDF8lxzJxnSp0YOnTCEM/8un4sUlqQcPnhmzapbBeAysUtSAyVanjlxBjFOOYkUZkjKvm0lys2QUBQzkledVJIE4REKSV/TCHEi3aw4M4enWhnAIBb6RQoW6vxEhriUY+7rJEdqKBe9qfif109VcOlmNEpSRSI8WxSkDKoYTjuDAyoIVmysCcKC6r9CPES6F6WbreoS7MWTl0mnUbetun1/XmvelHVUwDE4AWfABhegCW5BC7QBBi/gDUzAh/FqvBufxtcsumKUM0fgD4yfXwE8pg0=</latexit><latexit sha1_base64="J+vstuethEtM+LoBgoeK5/ZfC5M=">AAACJnicbVDLSsNAFJ34rPUVdelmsAiuSlIE3QgFEdwIVewDmhgm00k6dCYJMxOhhHyNG3/FjYuKiDs/xWmaRW09MHA451zu3OMnjEplWd/Gyura+sZmZau6vbO7t28eHHZknApM2jhmsej5SBJGI9JWVDHSSwRB3Gek64+up373mQhJ4+hRjRPichRGNKAYKS155pUTCIQz7mWO4LDF8lxzJxnSp0YOnTCEM/8un4sUlqQcPnhmzapbBeAysUtSAyVanjlxBjFOOYkUZkjKvm0lys2QUBQzkledVJIE4REKSV/TCHEi3aw4M4enWhnAIBb6RQoW6vxEhriUY+7rJEdqKBe9qfif109VcOlmNEpSRSI8WxSkDKoYTjuDAyoIVmysCcKC6r9CPES6F6WbreoS7MWTl0mnUbetun1/XmvelHVUwDE4AWfABhegCW5BC7QBBi/gDUzAh/FqvBufxtcsumKUM0fgD4yfXwE8pg0=</latexit><latexit sha1_base64="J+vstuethEtM+LoBgoeK5/ZfC5M=">AAACJnicbVDLSsNAFJ34rPUVdelmsAiuSlIE3QgFEdwIVewDmhgm00k6dCYJMxOhhHyNG3/FjYuKiDs/xWmaRW09MHA451zu3OMnjEplWd/Gyura+sZmZau6vbO7t28eHHZknApM2jhmsej5SBJGI9JWVDHSSwRB3Gek64+up373mQhJ4+hRjRPichRGNKAYKS155pUTCIQz7mWO4LDF8lxzJxnSp0YOnTCEM/8un4sUlqQcPnhmzapbBeAysUtSAyVanjlxBjFOOYkUZkjKvm0lys2QUBQzkledVJIE4REKSV/TCHEi3aw4M4enWhnAIBb6RQoW6vxEhriUY+7rJEdqKBe9qfif109VcOlmNEpSRSI8WxSkDKoYTjuDAyoIVmysCcKC6r9CPES6F6WbreoS7MWTl0mnUbetun1/XmvelHVUwDE4AWfABhegCW5BC7QBBi/gDUzAh/FqvBufxtcsumKUM0fgD4yfXwE8pg0=</latexit>

Possible for small black 
holes still within the EFT:



Why            ?�S > 0
<latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit>



Einstein-Maxwell +   �
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>

Consider a QFT analyzed at two scales.

mPl
<latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit>

m�
<latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit>



Einstein-Maxwell +   �
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>

Compute the same entropy in two ways.

mPl
<latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit>

m�
<latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit>

Q,M
<latexit sha1_base64="bnLen0EYb5buxohDc+qUY24xQxE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHgRWrQf0Iay2U7apZtN2N0IJfQnePGgiFd/kTf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49uZ335CpXksH80kQT+iQ8lDzqix0kPj4r5frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3VKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mwy4QmbExBLKFLe3EjaiijJj0ynZELzll1dJ67LquVWvcVWp1fI4inACp3AOHlxDDe6gDk1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kDrI6NYA==</latexit><latexit sha1_base64="bnLen0EYb5buxohDc+qUY24xQxE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHgRWrQf0Iay2U7apZtN2N0IJfQnePGgiFd/kTf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49uZ335CpXksH80kQT+iQ8lDzqix0kPj4r5frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3VKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mwy4QmbExBLKFLe3EjaiijJj0ynZELzll1dJ67LquVWvcVWp1fI4inACp3AOHlxDDe6gDk1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kDrI6NYA==</latexit><latexit sha1_base64="bnLen0EYb5buxohDc+qUY24xQxE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHgRWrQf0Iay2U7apZtN2N0IJfQnePGgiFd/kTf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49uZ335CpXksH80kQT+iQ8lDzqix0kPj4r5frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3VKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mwy4QmbExBLKFLe3EjaiijJj0ynZELzll1dJ67LquVWvcVWp1fI4inACp3AOHlxDDe6gDk1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kDrI6NYA==</latexit><latexit sha1_base64="bnLen0EYb5buxohDc+qUY24xQxE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHgRWrQf0Iay2U7apZtN2N0IJfQnePGgiFd/kTf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49uZ335CpXksH80kQT+iQ8lDzqix0kPj4r5frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3VKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mwy4QmbExBLKFLe3EjaiijJj0ynZELzll1dJ67LquVWvcVWp1fI4inACp3AOHlxDDe6gDk1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kDrI6NYA==</latexit>

Consider a QFT analyzed at two scales.



Einstein-Maxwell +   �
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>

Compute the same entropy in two ways.

S̃ +�S
<latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit><latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit><latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit><latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit>

compute entropy
in low energy EFT

mPl
<latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit>

m�
<latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit>

Consider a QFT analyzed at two scales.



compute entropy
in full theory

Einstein-Maxwell +   �
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>

Compute the same entropy in two ways.

S̃ +�S
<latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit><latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit><latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit><latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit>

compute entropy
in low energy EFT

mPl
<latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit>

m�
<latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit>

S̃ + S�
<latexit sha1_base64="RaP7M4lXBtMTm+zEJfvAzP+uUJ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJREBD0WvHis1NZCE8JmM22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6acKe0431ZlbX1jc6u6XdvZ3ds/sA+PeirJJIUuTXgi+yFRwJmArmaaQz+VQOKQw0M4uZn5D48gFUvEvc5T8GMyEmzIKNFGCuy6pxmPAHfwOe4EhZeO2TSwG07TmQOvErckDVSiHdhfXpTQLAahKSdKDVwn1X5BpGaUw7TmZQpSQidkBANDBYlB+cX8+Ck+NUqEh4k0JTSeq78nChIrlceh6YyJHqtlbyb+5w0yPbz2CybSTIOgi0XDjGOd4FkSOGISqOa5IYRKZm7FdEwkodrkVTMhuMsvr5LeRdN1mu7dZaPVKuOoomN0gs6Qi65QC92iNuoiinL0jF7Rm/VkvVjv1seitWKVM3X0B9bnD3IVk/o=</latexit><latexit sha1_base64="RaP7M4lXBtMTm+zEJfvAzP+uUJ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJREBD0WvHis1NZCE8JmM22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6acKe0431ZlbX1jc6u6XdvZ3ds/sA+PeirJJIUuTXgi+yFRwJmArmaaQz+VQOKQw0M4uZn5D48gFUvEvc5T8GMyEmzIKNFGCuy6pxmPAHfwOe4EhZeO2TSwG07TmQOvErckDVSiHdhfXpTQLAahKSdKDVwn1X5BpGaUw7TmZQpSQidkBANDBYlB+cX8+Ck+NUqEh4k0JTSeq78nChIrlceh6YyJHqtlbyb+5w0yPbz2CybSTIOgi0XDjGOd4FkSOGISqOa5IYRKZm7FdEwkodrkVTMhuMsvr5LeRdN1mu7dZaPVKuOoomN0gs6Qi65QC92iNuoiinL0jF7Rm/VkvVjv1seitWKVM3X0B9bnD3IVk/o=</latexit><latexit sha1_base64="RaP7M4lXBtMTm+zEJfvAzP+uUJ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJREBD0WvHis1NZCE8JmM22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6acKe0431ZlbX1jc6u6XdvZ3ds/sA+PeirJJIUuTXgi+yFRwJmArmaaQz+VQOKQw0M4uZn5D48gFUvEvc5T8GMyEmzIKNFGCuy6pxmPAHfwOe4EhZeO2TSwG07TmQOvErckDVSiHdhfXpTQLAahKSdKDVwn1X5BpGaUw7TmZQpSQidkBANDBYlB+cX8+Ck+NUqEh4k0JTSeq78nChIrlceh6YyJHqtlbyb+5w0yPbz2CybSTIOgi0XDjGOd4FkSOGISqOa5IYRKZm7FdEwkodrkVTMhuMsvr5LeRdN1mu7dZaPVKuOoomN0gs6Qi65QC92iNuoiinL0jF7Rm/VkvVjv1seitWKVM3X0B9bnD3IVk/o=</latexit><latexit sha1_base64="RaP7M4lXBtMTm+zEJfvAzP+uUJ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJREBD0WvHis1NZCE8JmM22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6acKe0431ZlbX1jc6u6XdvZ3ds/sA+PeirJJIUuTXgi+yFRwJmArmaaQz+VQOKQw0M4uZn5D48gFUvEvc5T8GMyEmzIKNFGCuy6pxmPAHfwOe4EhZeO2TSwG07TmQOvErckDVSiHdhfXpTQLAahKSdKDVwn1X5BpGaUw7TmZQpSQidkBANDBYlB+cX8+Ck+NUqEh4k0JTSeq78nChIrlceh6YyJHqtlbyb+5w0yPbz2CybSTIOgi0XDjGOd4FkSOGISqOa5IYRKZm7FdEwkodrkVTMhuMsvr5LeRdN1mu7dZaPVKuOoomN0gs6Qi65QC92iNuoiinL0jF7Rm/VkvVjv1seitWKVM3X0B9bnD3IVk/o=</latexit>

Consider a QFT analyzed at two scales.



compute entropy
in full theory

Einstein-Maxwell +   �
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>

Compute the same entropy in two ways.

S̃ +�S
<latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit><latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit><latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit><latexit sha1_base64="d/Ce9rbQ+Z+YJfVNWPR+neXuksA=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAZBEMKuCHoM6MFjJOYByRJmJ73JkNnZZaZXCEv8FS8eFPHqh3jzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONYcGj2Ws2wEzIIWCBgqU0E40sCiQ0ApGN1O/9QjaiFg94DgBP2IDJULBGVqpVyx1Ucg+0Do9p91bkMhovVcsuxV3BrpKvAUpkwVqveJXtx/zNAKFXDJjOp6boJ8xjYJLmBS6qYGE8REbQMdSxSIwfjY7fkJPrdKnYaxtKaQz9fdExiJjxlFgOyOGQ7PsTcX/vE6K4bWfCZWkCIrPF4WppBjTaRK0LzRwlGNLGNfC3kr5kGnG0eZVsCF4yy+vkuZFxXMr3v1luVpdxJEnx+SEnBGPXJEquSM10iCcjMkzeSVvzpPz4rw7H/PWnLOYKZE/cD5/AJnyk2w=</latexit>

compute entropy
in low energy EFT

S̃ + S�
<latexit sha1_base64="RaP7M4lXBtMTm+zEJfvAzP+uUJ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJREBD0WvHis1NZCE8JmM22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6acKe0431ZlbX1jc6u6XdvZ3ds/sA+PeirJJIUuTXgi+yFRwJmArmaaQz+VQOKQw0M4uZn5D48gFUvEvc5T8GMyEmzIKNFGCuy6pxmPAHfwOe4EhZeO2TSwG07TmQOvErckDVSiHdhfXpTQLAahKSdKDVwn1X5BpGaUw7TmZQpSQidkBANDBYlB+cX8+Ck+NUqEh4k0JTSeq78nChIrlceh6YyJHqtlbyb+5w0yPbz2CybSTIOgi0XDjGOd4FkSOGISqOa5IYRKZm7FdEwkodrkVTMhuMsvr5LeRdN1mu7dZaPVKuOoomN0gs6Qi65QC92iNuoiinL0jF7Rm/VkvVjv1seitWKVM3X0B9bnD3IVk/o=</latexit><latexit sha1_base64="RaP7M4lXBtMTm+zEJfvAzP+uUJ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJREBD0WvHis1NZCE8JmM22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6acKe0431ZlbX1jc6u6XdvZ3ds/sA+PeirJJIUuTXgi+yFRwJmArmaaQz+VQOKQw0M4uZn5D48gFUvEvc5T8GMyEmzIKNFGCuy6pxmPAHfwOe4EhZeO2TSwG07TmQOvErckDVSiHdhfXpTQLAahKSdKDVwn1X5BpGaUw7TmZQpSQidkBANDBYlB+cX8+Ck+NUqEh4k0JTSeq78nChIrlceh6YyJHqtlbyb+5w0yPbz2CybSTIOgi0XDjGOd4FkSOGISqOa5IYRKZm7FdEwkodrkVTMhuMsvr5LeRdN1mu7dZaPVKuOoomN0gs6Qi65QC92iNuoiinL0jF7Rm/VkvVjv1seitWKVM3X0B9bnD3IVk/o=</latexit><latexit sha1_base64="RaP7M4lXBtMTm+zEJfvAzP+uUJ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJREBD0WvHis1NZCE8JmM22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6acKe0431ZlbX1jc6u6XdvZ3ds/sA+PeirJJIUuTXgi+yFRwJmArmaaQz+VQOKQw0M4uZn5D48gFUvEvc5T8GMyEmzIKNFGCuy6pxmPAHfwOe4EhZeO2TSwG07TmQOvErckDVSiHdhfXpTQLAahKSdKDVwn1X5BpGaUw7TmZQpSQidkBANDBYlB+cX8+Ck+NUqEh4k0JTSeq78nChIrlceh6YyJHqtlbyb+5w0yPbz2CybSTIOgi0XDjGOd4FkSOGISqOa5IYRKZm7FdEwkodrkVTMhuMsvr5LeRdN1mu7dZaPVKuOoomN0gs6Qi65QC92iNuoiinL0jF7Rm/VkvVjv1seitWKVM3X0B9bnD3IVk/o=</latexit><latexit sha1_base64="RaP7M4lXBtMTm+zEJfvAzP+uUJ4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJREBD0WvHis1NZCE8JmM22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF6acKe0431ZlbX1jc6u6XdvZ3ds/sA+PeirJJIUuTXgi+yFRwJmArmaaQz+VQOKQw0M4uZn5D48gFUvEvc5T8GMyEmzIKNFGCuy6pxmPAHfwOe4EhZeO2TSwG07TmQOvErckDVSiHdhfXpTQLAahKSdKDVwn1X5BpGaUw7TmZQpSQidkBANDBYlB+cX8+Ck+NUqEh4k0JTSeq78nChIrlceh6YyJHqtlbyb+5w0yPbz2CybSTIOgi0XDjGOd4FkSOGISqOa5IYRKZm7FdEwkodrkVTMhuMsvr5LeRdN1mu7dZaPVKuOoomN0gs6Qi65QC92iNuoiinL0jF7Rm/VkvVjv1seitWKVM3X0B9bnD3IVk/o=</latexit>

=<latexit sha1_base64="gw+e/DlEHgrnk7uZLoUm0oESCwE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh4MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjf3O0+oNI/lg5km6Ed0JHnIGTVWat4OyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNa8r9XoeRxHO4BwuwYMa1OEeGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/jDOMvw==</latexit><latexit sha1_base64="gw+e/DlEHgrnk7uZLoUm0oESCwE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh4MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjf3O0+oNI/lg5km6Ed0JHnIGTVWat4OyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNa8r9XoeRxHO4BwuwYMa1OEeGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/jDOMvw==</latexit><latexit sha1_base64="gw+e/DlEHgrnk7uZLoUm0oESCwE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh4MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjf3O0+oNI/lg5km6Ed0JHnIGTVWat4OyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNa8r9XoeRxHO4BwuwYMa1OEeGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/jDOMvw==</latexit><latexit sha1_base64="gw+e/DlEHgrnk7uZLoUm0oESCwE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh4MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjf3O0+oNI/lg5km6Ed0JHnIGTVWat4OyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNa8r9XoeRxHO4BwuwYMa1OEeGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/jDOMvw==</latexit>

mPl
<latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit>

m�
<latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit><latexit sha1_base64="z2qVKOtTu7a4cmumJOD7q6QIwVU=">AAAB7XicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNnJbDJmHsvMrBCW/IMXD4p49X+8+TdOkj1oYkFDUdVNd1ecCm5dEHyjtfWNza3t0k55d2//4LBydNyyOjOUNakW2nRiYpngijUdd4J1UsOIjAVrx+Pbmd9+YsZyrR7cJGWRJEPFE06J81JL9nvpiPcr1aAWzIFXSViQKhRo9CtfvYGmmWTKUUGs7YZB6qKcGMepYNNyL7MsJXRMhqzrqSKS2SifXzvF514Z4EQbX8rhufp7IifS2omMfackbmSXvZn4n9fNXHIT5VylmWOKLhYlmcBO49nreMANo05MPCHUcH8rpiNiCHU+oLIPIVx+eZW0LmthUAvvr6r1ehFHCU7hDC4ghGuowx00oAkUHuEZXuENafSC3tHHonUNFTMn8Afo8weVoI8d</latexit>

Consider a QFT analyzed at two scales.



proof ofXXXX                �S > 0
<latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit>



proof ofXXXX                �S > 0
<latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit>

classical 
entropy shift

quantum field
theoretic



�S > 0
<latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit><latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit><latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit><latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit>}QFT

applies c0 > 0
<latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit><latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit><latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit><latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit>}states

mPl
<latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit>

general QFT

Assume QFT applies in some energy range.

Einstein-Maxwell is natural “baseline” theory.



�S > 0
<latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit><latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit><latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit><latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit>

Einstein-Maxwell is natural “baseline” theory.

+O(1/mPl)
<latexit sha1_base64="KciHtG80ID4hE3sakJXp/H3dOEU="></latexit><latexit sha1_base64="KciHtG80ID4hE3sakJXp/H3dOEU="></latexit><latexit sha1_base64="KciHtG80ID4hE3sakJXp/H3dOEU="></latexit><latexit sha1_base64="KciHtG80ID4hE3sakJXp/H3dOEU="></latexit>

+O(1/mPl)
<latexit sha1_base64="KciHtG80ID4hE3sakJXp/H3dOEU="></latexit><latexit sha1_base64="KciHtG80ID4hE3sakJXp/H3dOEU="></latexit><latexit sha1_base64="KciHtG80ID4hE3sakJXp/H3dOEU="></latexit><latexit sha1_base64="KciHtG80ID4hE3sakJXp/H3dOEU="></latexit>}QFT

applies c0 > 0
<latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit><latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit><latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit><latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit>}states

mPl
<latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit>

general QFT

Assume QFT applies in some energy range.



+O(1/⇤)
<latexit sha1_base64="74TrVzersmgfOw3oZ6ld/QlR2sU=">AAACAXicdVDLSgMxFM34rPVVdSO4CRahooyZsbR1V3DjQrCCfUCnlEyaaUMzD5KMUIa68VfcuFDErX/hzr8x01ZQ0QOBwzn3cHOPG3EmFUIfxtz8wuLScmYlu7q2vrGZ29puyDAWhNZJyEPRcrGknAW0rpjitBUJin2X06Y7PE/95i0VkoXBjRpFtOPjfsA8RrDSUje3ewSdY5g4BHN4NS5YJ86lDvfwYTeXR+ZZpWQXSxCZCJUt20qJXS6eFqGllRR5MEOtm3t3eiGJfRoowrGUbQtFqpNgoRjhdJx1YkkjTIa4T9uaBtinspNMLhjDA630oBcK/QIFJ+r3RIJ9KUe+qyd9rAbyt5eKf3ntWHmVTsKCKFY0INNFXsyhCmFaB+wxQYniI00wEUz/FZIBFpgoXVpWl/B1KfyfNGzTQqZ1XcxXq7M6MmAP7IMCsEAZVMEFqIE6IOAOPIAn8GzcG4/Gi/E6HZ0zZpkd8APG2yeU65UP</latexit><latexit sha1_base64="74TrVzersmgfOw3oZ6ld/QlR2sU=">AAACAXicdVDLSgMxFM34rPVVdSO4CRahooyZsbR1V3DjQrCCfUCnlEyaaUMzD5KMUIa68VfcuFDErX/hzr8x01ZQ0QOBwzn3cHOPG3EmFUIfxtz8wuLScmYlu7q2vrGZ29puyDAWhNZJyEPRcrGknAW0rpjitBUJin2X06Y7PE/95i0VkoXBjRpFtOPjfsA8RrDSUje3ewSdY5g4BHN4NS5YJ86lDvfwYTeXR+ZZpWQXSxCZCJUt20qJXS6eFqGllRR5MEOtm3t3eiGJfRoowrGUbQtFqpNgoRjhdJx1YkkjTIa4T9uaBtinspNMLhjDA630oBcK/QIFJ+r3RIJ9KUe+qyd9rAbyt5eKf3ntWHmVTsKCKFY0INNFXsyhCmFaB+wxQYniI00wEUz/FZIBFpgoXVpWl/B1KfyfNGzTQqZ1XcxXq7M6MmAP7IMCsEAZVMEFqIE6IOAOPIAn8GzcG4/Gi/E6HZ0zZpkd8APG2yeU65UP</latexit><latexit sha1_base64="74TrVzersmgfOw3oZ6ld/QlR2sU=">AAACAXicdVDLSgMxFM34rPVVdSO4CRahooyZsbR1V3DjQrCCfUCnlEyaaUMzD5KMUIa68VfcuFDErX/hzr8x01ZQ0QOBwzn3cHOPG3EmFUIfxtz8wuLScmYlu7q2vrGZ29puyDAWhNZJyEPRcrGknAW0rpjitBUJin2X06Y7PE/95i0VkoXBjRpFtOPjfsA8RrDSUje3ewSdY5g4BHN4NS5YJ86lDvfwYTeXR+ZZpWQXSxCZCJUt20qJXS6eFqGllRR5MEOtm3t3eiGJfRoowrGUbQtFqpNgoRjhdJx1YkkjTIa4T9uaBtinspNMLhjDA630oBcK/QIFJ+r3RIJ9KUe+qyd9rAbyt5eKf3ntWHmVTsKCKFY0INNFXsyhCmFaB+wxQYniI00wEUz/FZIBFpgoXVpWl/B1KfyfNGzTQqZ1XcxXq7M6MmAP7IMCsEAZVMEFqIE6IOAOPIAn8GzcG4/Gi/E6HZ0zZpkd8APG2yeU65UP</latexit><latexit sha1_base64="74TrVzersmgfOw3oZ6ld/QlR2sU=">AAACAXicdVDLSgMxFM34rPVVdSO4CRahooyZsbR1V3DjQrCCfUCnlEyaaUMzD5KMUIa68VfcuFDErX/hzr8x01ZQ0QOBwzn3cHOPG3EmFUIfxtz8wuLScmYlu7q2vrGZ29puyDAWhNZJyEPRcrGknAW0rpjitBUJin2X06Y7PE/95i0VkoXBjRpFtOPjfsA8RrDSUje3ewSdY5g4BHN4NS5YJ86lDvfwYTeXR+ZZpWQXSxCZCJUt20qJXS6eFqGllRR5MEOtm3t3eiGJfRoowrGUbQtFqpNgoRjhdJx1YkkjTIa4T9uaBtinspNMLhjDA630oBcK/QIFJ+r3RIJ9KUe+qyd9rAbyt5eKf3ntWHmVTsKCKFY0INNFXsyhCmFaB+wxQYniI00wEUz/FZIBFpgoXVpWl/B1KfyfNGzTQqZ1XcxXq7M6MmAP7IMCsEAZVMEFqIE6IOAOPIAn8GzcG4/Gi/E6HZ0zZpkd8APG2yeU65UP</latexit>

�S > 0
<latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit><latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit><latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit><latexit sha1_base64="aOMfPfOdrBxtqcuSuaYiaCKucdI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUVPBY0X5AGspmu22XbrJhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhYkUBl332ymsrK6tbxQ3S1vbO7t75f2DplGpZrzBlFS6HVLDpYh5AwVK3k40p1EoeSscXU/91hPXRqj4EccJDyI6iEVfMIpW8js3XCIlD+TK7ZYrbtWdgSwTLycVyFHvlr86PcXSiMfIJDXG99wEg4xqFEzySamTGp5QNqID7lsa04ibIJudPCEnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/mWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KJRuCt/jyMmmeVT236t2fV2q3eRxFOIJjOAUPLqAGd1CHBjBQ8Ayv8Oag8+K8Ox/z1oKTzxzCHzifP60kkDI=</latexit>

c0 > 0
<latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit><latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit><latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit><latexit sha1_base64="DIm8kGsli/cXC84UrWCjHvCanFo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKUE9SEMFjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxmL87RXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38z89hPThiv5YCcJC2IylDzilFgntWgfo2vcL1dwFc+BVomfkwrkaPTLX72BomnMpKWCGNP1cWKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGV0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRD85ZdXSeui6uOqf39Zqd/mcRThBE7hHHyoQR3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzRujjk=</latexit>

⇤
<latexit sha1_base64="yEC9BDRD/0mPUiidO0LlL67w/Jc=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXBjQsXFewD2lAmk5t26GQSZiZCCf0INy4Ucev3uPNvnLZZaOuBgcM55zL3niAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaDye3c7z6h0jyRj2aaoh/TkeQRZ9RYqTu4t9GQDqs1t+4uQNaJV5AaFGgNq1+DMGFZjNIwQbXue25q/Jwqw5nAWWWQaUwpm9AR9i2VNEbt54t1Z+TCKiGJEmWfNGSh/p7Iaaz1NA5sMqZmrFe9ufif189MdOPnXKaZQcmWH0WZICYh89tJyBUyI6aWUKa43ZWwMVWUGdtQxZbgrZ68TjpXdc+tew/XtWazqKMMZ3AOl+BBA5pwBy1oA4MJPMMrvDmp8+K8Ox/LaMkpZk7hD5zPHwsLj1s=</latexit><latexit sha1_base64="yEC9BDRD/0mPUiidO0LlL67w/Jc=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXBjQsXFewD2lAmk5t26GQSZiZCCf0INy4Ucev3uPNvnLZZaOuBgcM55zL3niAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaDye3c7z6h0jyRj2aaoh/TkeQRZ9RYqTu4t9GQDqs1t+4uQNaJV5AaFGgNq1+DMGFZjNIwQbXue25q/Jwqw5nAWWWQaUwpm9AR9i2VNEbt54t1Z+TCKiGJEmWfNGSh/p7Iaaz1NA5sMqZmrFe9ufif189MdOPnXKaZQcmWH0WZICYh89tJyBUyI6aWUKa43ZWwMVWUGdtQxZbgrZ68TjpXdc+tew/XtWazqKMMZ3AOl+BBA5pwBy1oA4MJPMMrvDmp8+K8Ox/LaMkpZk7hD5zPHwsLj1s=</latexit><latexit sha1_base64="yEC9BDRD/0mPUiidO0LlL67w/Jc=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXBjQsXFewD2lAmk5t26GQSZiZCCf0INy4Ucev3uPNvnLZZaOuBgcM55zL3niAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaDye3c7z6h0jyRj2aaoh/TkeQRZ9RYqTu4t9GQDqs1t+4uQNaJV5AaFGgNq1+DMGFZjNIwQbXue25q/Jwqw5nAWWWQaUwpm9AR9i2VNEbt54t1Z+TCKiGJEmWfNGSh/p7Iaaz1NA5sMqZmrFe9ufif189MdOPnXKaZQcmWH0WZICYh89tJyBUyI6aWUKa43ZWwMVWUGdtQxZbgrZ68TjpXdc+tew/XtWazqKMMZ3AOl+BBA5pwBy1oA4MJPMMrvDmp8+K8Ox/LaMkpZk7hD5zPHwsLj1s=</latexit><latexit sha1_base64="yEC9BDRD/0mPUiidO0LlL67w/Jc=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi1GXBjQsXFewD2lAmk5t26GQSZiZCCf0INy4Ucev3uPNvnLZZaOuBgcM55zL3niAVXBvX/XZKG5tb2zvl3cre/sHhUfX4pKOTTDFss0QkqhdQjYJLbBtuBPZShTQOBHaDye3c7z6h0jyRj2aaoh/TkeQRZ9RYqTu4t9GQDqs1t+4uQNaJV5AaFGgNq1+DMGFZjNIwQbXue25q/Jwqw5nAWWWQaUwpm9AR9i2VNEbt54t1Z+TCKiGJEmWfNGSh/p7Iaaz1NA5sMqZmrFe9ufif189MdOPnXKaZQcmWH0WZICYh89tJyBUyI6aWUKa43ZWwMVWUGdtQxZbgrZ68TjpXdc+tew/XtWazqKMMZ3AOl+BBA5pwBy1oA4MJPMMrvDmp8+K8Ox/LaMkpZk7hD5zPHwsLj1s=</latexit>}QFT

applies

+O(1/⇤)
<latexit sha1_base64="74TrVzersmgfOw3oZ6ld/QlR2sU=">AAACAXicdVDLSgMxFM34rPVVdSO4CRahooyZsbR1V3DjQrCCfUCnlEyaaUMzD5KMUIa68VfcuFDErX/hzr8x01ZQ0QOBwzn3cHOPG3EmFUIfxtz8wuLScmYlu7q2vrGZ29puyDAWhNZJyEPRcrGknAW0rpjitBUJin2X06Y7PE/95i0VkoXBjRpFtOPjfsA8RrDSUje3ewSdY5g4BHN4NS5YJ86lDvfwYTeXR+ZZpWQXSxCZCJUt20qJXS6eFqGllRR5MEOtm3t3eiGJfRoowrGUbQtFqpNgoRjhdJx1YkkjTIa4T9uaBtinspNMLhjDA630oBcK/QIFJ+r3RIJ9KUe+qyd9rAbyt5eKf3ntWHmVTsKCKFY0INNFXsyhCmFaB+wxQYniI00wEUz/FZIBFpgoXVpWl/B1KfyfNGzTQqZ1XcxXq7M6MmAP7IMCsEAZVMEFqIE6IOAOPIAn8GzcG4/Gi/E6HZ0zZpkd8APG2yeU65UP</latexit><latexit sha1_base64="74TrVzersmgfOw3oZ6ld/QlR2sU=">AAACAXicdVDLSgMxFM34rPVVdSO4CRahooyZsbR1V3DjQrCCfUCnlEyaaUMzD5KMUIa68VfcuFDErX/hzr8x01ZQ0QOBwzn3cHOPG3EmFUIfxtz8wuLScmYlu7q2vrGZ29puyDAWhNZJyEPRcrGknAW0rpjitBUJin2X06Y7PE/95i0VkoXBjRpFtOPjfsA8RrDSUje3ewSdY5g4BHN4NS5YJ86lDvfwYTeXR+ZZpWQXSxCZCJUt20qJXS6eFqGllRR5MEOtm3t3eiGJfRoowrGUbQtFqpNgoRjhdJx1YkkjTIa4T9uaBtinspNMLhjDA630oBcK/QIFJ+r3RIJ9KUe+qyd9rAbyt5eKf3ntWHmVTsKCKFY0INNFXsyhCmFaB+wxQYniI00wEUz/FZIBFpgoXVpWl/B1KfyfNGzTQqZ1XcxXq7M6MmAP7IMCsEAZVMEFqIE6IOAOPIAn8GzcG4/Gi/E6HZ0zZpkd8APG2yeU65UP</latexit><latexit sha1_base64="74TrVzersmgfOw3oZ6ld/QlR2sU=">AAACAXicdVDLSgMxFM34rPVVdSO4CRahooyZsbR1V3DjQrCCfUCnlEyaaUMzD5KMUIa68VfcuFDErX/hzr8x01ZQ0QOBwzn3cHOPG3EmFUIfxtz8wuLScmYlu7q2vrGZ29puyDAWhNZJyEPRcrGknAW0rpjitBUJin2X06Y7PE/95i0VkoXBjRpFtOPjfsA8RrDSUje3ewSdY5g4BHN4NS5YJ86lDvfwYTeXR+ZZpWQXSxCZCJUt20qJXS6eFqGllRR5MEOtm3t3eiGJfRoowrGUbQtFqpNgoRjhdJx1YkkjTIa4T9uaBtinspNMLhjDA630oBcK/QIFJ+r3RIJ9KUe+qyd9rAbyt5eKf3ntWHmVTsKCKFY0INNFXsyhCmFaB+wxQYniI00wEUz/FZIBFpgoXVpWl/B1KfyfNGzTQqZ1XcxXq7M6MmAP7IMCsEAZVMEFqIE6IOAOPIAn8GzcG4/Gi/E6HZ0zZpkd8APG2yeU65UP</latexit><latexit sha1_base64="74TrVzersmgfOw3oZ6ld/QlR2sU=">AAACAXicdVDLSgMxFM34rPVVdSO4CRahooyZsbR1V3DjQrCCfUCnlEyaaUMzD5KMUIa68VfcuFDErX/hzr8x01ZQ0QOBwzn3cHOPG3EmFUIfxtz8wuLScmYlu7q2vrGZ29puyDAWhNZJyEPRcrGknAW0rpjitBUJin2X06Y7PE/95i0VkoXBjRpFtOPjfsA8RrDSUje3ewSdY5g4BHN4NS5YJ86lDvfwYTeXR+ZZpWQXSxCZCJUt20qJXS6eFqGllRR5MEOtm3t3eiGJfRoowrGUbQtFqpNgoRjhdJx1YkkjTIa4T9uaBtinspNMLhjDA630oBcK/QIFJ+r3RIJ9KUe+qyd9rAbyt5eKf3ntWHmVTsKCKFY0INNFXsyhCmFaB+wxQYniI00wEUz/FZIBFpgoXVpWl/B1KfyfNGzTQqZ1XcxXq7M6MmAP7IMCsEAZVMEFqIE6IOAOPIAn8GzcG4/Gi/E6HZ0zZpkd8APG2yeU65UP</latexit>

}states

mPl
<latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit><latexit sha1_base64="COnybO725s7+0qEwdtU0TqRDzmA=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJGJyhL3NXLJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmGbZYIhL9EFGDgitsWW4FPqQaqYwEdqLxzczvPKE2PFH3dpJiKOlQ8Zgzap30KPt5T0vSFNN+tebX/TnIKgkKUoMCzX71qzdIWCZRWSaoMd3AT22YU205Ezit9DKDKWVjOsSuo4pKNGE+v3hKzpwyIHGiXSlL5urviZxKYyYycp2S2pFZ9mbif143s/F1mHOVZhYVWyyKM0FsQmbvkwHXyKyYOEKZ5u5WwkZUU2ZdSBUXQrD88ippX9QDvx7cXdYajSKOMpzAKZxDAFfQgFtoQgsYKHiGV3jzjPfivXsfi9aSV8wcwx94nz9mDJC3</latexit>

general QFT

Note we can make a weaker assumption.

Assume QFT applies in some energy range.



Free energy from the Euclidean path integral:

I[ĝ] = Ĩ[ĝ] +�I[ĝ]
<latexit sha1_base64="wcSEQtO0BjsP5f6CTcNWy5FFAr0=">AAACGXicbZDJSgNBEIZ7XGPcRj16aQyCIIQZEfQiBPQQbxHMApkh9PRUkiY9C901Qgh5DS++ihcPinjUk29jZ4Fo4g8NP19VUV1/kEqh0XG+raXlldW19dxGfnNre2fX3tuv6SRTHKo8kYlqBEyDFDFUUaCERqqARYGEetC7HtXrD6C0SOJ77KfgR6wTi7bgDA1q2c5t0+sypB2fXlHqoZAh0Bk7pd4NSGQz1LILTtEZiy4ad2oKZKpKy/70woRnEcTIJdO66Top+gOmUHAJw7yXaUgZ77EONI2NWQTaH4wvG9JjQ0LaTpR5MdIx/T0xYJHW/SgwnRHDrp6vjeB/tWaG7Ut/IOI0Q4j5ZFE7kxQTOoqJhkIBR9k3hnElzF8p7zLFOJow8yYEd/7kRVM7K7pO0b07L5TK0zhy5JAckRPikgtSImVSIVXCySN5Jq/kzXqyXqx362PSumRNZw7IH1lfPy+7nfA=</latexit><latexit sha1_base64="wcSEQtO0BjsP5f6CTcNWy5FFAr0=">AAACGXicbZDJSgNBEIZ7XGPcRj16aQyCIIQZEfQiBPQQbxHMApkh9PRUkiY9C901Qgh5DS++ihcPinjUk29jZ4Fo4g8NP19VUV1/kEqh0XG+raXlldW19dxGfnNre2fX3tuv6SRTHKo8kYlqBEyDFDFUUaCERqqARYGEetC7HtXrD6C0SOJ77KfgR6wTi7bgDA1q2c5t0+sypB2fXlHqoZAh0Bk7pd4NSGQz1LILTtEZiy4ad2oKZKpKy/70woRnEcTIJdO66Top+gOmUHAJw7yXaUgZ77EONI2NWQTaH4wvG9JjQ0LaTpR5MdIx/T0xYJHW/SgwnRHDrp6vjeB/tWaG7Ut/IOI0Q4j5ZFE7kxQTOoqJhkIBR9k3hnElzF8p7zLFOJow8yYEd/7kRVM7K7pO0b07L5TK0zhy5JAckRPikgtSImVSIVXCySN5Jq/kzXqyXqx362PSumRNZw7IH1lfPy+7nfA=</latexit><latexit sha1_base64="wcSEQtO0BjsP5f6CTcNWy5FFAr0=">AAACGXicbZDJSgNBEIZ7XGPcRj16aQyCIIQZEfQiBPQQbxHMApkh9PRUkiY9C901Qgh5DS++ihcPinjUk29jZ4Fo4g8NP19VUV1/kEqh0XG+raXlldW19dxGfnNre2fX3tuv6SRTHKo8kYlqBEyDFDFUUaCERqqARYGEetC7HtXrD6C0SOJ77KfgR6wTi7bgDA1q2c5t0+sypB2fXlHqoZAh0Bk7pd4NSGQz1LILTtEZiy4ad2oKZKpKy/70woRnEcTIJdO66Top+gOmUHAJw7yXaUgZ77EONI2NWQTaH4wvG9JjQ0LaTpR5MdIx/T0xYJHW/SgwnRHDrp6vjeB/tWaG7Ut/IOI0Q4j5ZFE7kxQTOoqJhkIBR9k3hnElzF8p7zLFOJow8yYEd/7kRVM7K7pO0b07L5TK0zhy5JAckRPikgtSImVSIVXCySN5Jq/kzXqyXqx362PSumRNZw7IH1lfPy+7nfA=</latexit><latexit sha1_base64="wcSEQtO0BjsP5f6CTcNWy5FFAr0=">AAACGXicbZDJSgNBEIZ7XGPcRj16aQyCIIQZEfQiBPQQbxHMApkh9PRUkiY9C901Qgh5DS++ihcPinjUk29jZ4Fo4g8NP19VUV1/kEqh0XG+raXlldW19dxGfnNre2fX3tuv6SRTHKo8kYlqBEyDFDFUUaCERqqARYGEetC7HtXrD6C0SOJ77KfgR6wTi7bgDA1q2c5t0+sypB2fXlHqoZAh0Bk7pd4NSGQz1LILTtEZiy4ad2oKZKpKy/70woRnEcTIJdO66Top+gOmUHAJw7yXaUgZ77EONI2NWQTaH4wvG9JjQ0LaTpR5MdIx/T0xYJHW/SgwnRHDrp6vjeB/tWaG7Ut/IOI0Q4j5ZFE7kxQTOoqJhkIBR9k3hnElzF8p7zLFOJow8yYEd/7kRVM7K7pO0b07L5TK0zhy5JAckRPikgtSImVSIVXCySN5Jq/kzXqyXqx362PSumRNZw7IH1lfPy+7nfA=</latexit>

Z(�) =

Z

�
[dĝ]e�I[ĝ]

<latexit sha1_base64="3l9rOE5O0Oa92YxY5rTmmdypDmY=">AAACGnicbVBNS8NAEN34bf2qevSyWIR6sCQi6EUoeNGbgrXFJJbNdtoubjZhdyKU0N/hxb/ixYMi3sSL/8Ztm4NfDxbevDfD7LwolcKg6346U9Mzs3PzC4ulpeWV1bXy+saVSTLNocETmehWxAxIoaCBAiW0Ug0sjiQ0o9uTkd+8A21Eoi5xkEIYs54SXcEZWqld9q6rQQTIdukxpYFQ2B6X1O/QoM+Q9kJK4SbfO/OLctguV9yaOwb9S7yCVEiB83b5PegkPItBIZfMGN9zUwxzplFwCcNSkBlIGb9lPfAtVSwGE+bj04Z0xyod2k20fQrpWP0+kbPYmEEc2c6YYd/89kbif56fYfcozIVKMwTFJ4u6maSY0FFOtCM0cJQDSxjXwv6V8j7TjKNNs2RD8H6f/Jdc7dc8t+ZdHFTqp0UcC2SLbJMq8cghqZNTck4ahJN78kieyYvz4Dw5r87bpHXKKWY2yQ84H19eb56e</latexit><latexit sha1_base64="3l9rOE5O0Oa92YxY5rTmmdypDmY=">AAACGnicbVBNS8NAEN34bf2qevSyWIR6sCQi6EUoeNGbgrXFJJbNdtoubjZhdyKU0N/hxb/ixYMi3sSL/8Ztm4NfDxbevDfD7LwolcKg6346U9Mzs3PzC4ulpeWV1bXy+saVSTLNocETmehWxAxIoaCBAiW0Ug0sjiQ0o9uTkd+8A21Eoi5xkEIYs54SXcEZWqld9q6rQQTIdukxpYFQ2B6X1O/QoM+Q9kJK4SbfO/OLctguV9yaOwb9S7yCVEiB83b5PegkPItBIZfMGN9zUwxzplFwCcNSkBlIGb9lPfAtVSwGE+bj04Z0xyod2k20fQrpWP0+kbPYmEEc2c6YYd/89kbif56fYfcozIVKMwTFJ4u6maSY0FFOtCM0cJQDSxjXwv6V8j7TjKNNs2RD8H6f/Jdc7dc8t+ZdHFTqp0UcC2SLbJMq8cghqZNTck4ahJN78kieyYvz4Dw5r87bpHXKKWY2yQ84H19eb56e</latexit><latexit sha1_base64="3l9rOE5O0Oa92YxY5rTmmdypDmY=">AAACGnicbVBNS8NAEN34bf2qevSyWIR6sCQi6EUoeNGbgrXFJJbNdtoubjZhdyKU0N/hxb/ixYMi3sSL/8Ztm4NfDxbevDfD7LwolcKg6346U9Mzs3PzC4ulpeWV1bXy+saVSTLNocETmehWxAxIoaCBAiW0Ug0sjiQ0o9uTkd+8A21Eoi5xkEIYs54SXcEZWqld9q6rQQTIdukxpYFQ2B6X1O/QoM+Q9kJK4SbfO/OLctguV9yaOwb9S7yCVEiB83b5PegkPItBIZfMGN9zUwxzplFwCcNSkBlIGb9lPfAtVSwGE+bj04Z0xyod2k20fQrpWP0+kbPYmEEc2c6YYd/89kbif56fYfcozIVKMwTFJ4u6maSY0FFOtCM0cJQDSxjXwv6V8j7TjKNNs2RD8H6f/Jdc7dc8t+ZdHFTqp0UcC2SLbJMq8cghqZNTck4ahJN78kieyYvz4Dw5r87bpHXKKWY2yQ84H19eb56e</latexit><latexit sha1_base64="3l9rOE5O0Oa92YxY5rTmmdypDmY=">AAACGnicbVBNS8NAEN34bf2qevSyWIR6sCQi6EUoeNGbgrXFJJbNdtoubjZhdyKU0N/hxb/ixYMi3sSL/8Ztm4NfDxbevDfD7LwolcKg6346U9Mzs3PzC4ulpeWV1bXy+saVSTLNocETmehWxAxIoaCBAiW0Ug0sjiQ0o9uTkd+8A21Eoi5xkEIYs54SXcEZWqld9q6rQQTIdukxpYFQ2B6X1O/QoM+Q9kJK4SbfO/OLctguV9yaOwb9S7yCVEiB83b5PegkPItBIZfMGN9zUwxzplFwCcNSkBlIGb9lPfAtVSwGE+bj04Z0xyod2k20fQrpWP0+kbPYmEEc2c6YYd/89kbif56fYfcozIVKMwTFJ4u6maSY0FFOtCM0cJQDSxjXwv6V8j7TjKNNs2RD8H6f/Jdc7dc8t+ZdHFTqp0UcC2SLbJMq8cghqZNTck4ahJN78kieyYvz4Dw5r87bpHXKKWY2yQ84H19eb56e</latexit>



Free energy from the Euclidean path integral:

Black hole mass, temperature, entropy are:

I[ĝ] = Ĩ[ĝ] +�I[ĝ]
<latexit sha1_base64="wcSEQtO0BjsP5f6CTcNWy5FFAr0=">AAACGXicbZDJSgNBEIZ7XGPcRj16aQyCIIQZEfQiBPQQbxHMApkh9PRUkiY9C901Qgh5DS++ihcPinjUk29jZ4Fo4g8NP19VUV1/kEqh0XG+raXlldW19dxGfnNre2fX3tuv6SRTHKo8kYlqBEyDFDFUUaCERqqARYGEetC7HtXrD6C0SOJ77KfgR6wTi7bgDA1q2c5t0+sypB2fXlHqoZAh0Bk7pd4NSGQz1LILTtEZiy4ad2oKZKpKy/70woRnEcTIJdO66Top+gOmUHAJw7yXaUgZ77EONI2NWQTaH4wvG9JjQ0LaTpR5MdIx/T0xYJHW/SgwnRHDrp6vjeB/tWaG7Ut/IOI0Q4j5ZFE7kxQTOoqJhkIBR9k3hnElzF8p7zLFOJow8yYEd/7kRVM7K7pO0b07L5TK0zhy5JAckRPikgtSImVSIVXCySN5Jq/kzXqyXqx362PSumRNZw7IH1lfPy+7nfA=</latexit><latexit sha1_base64="wcSEQtO0BjsP5f6CTcNWy5FFAr0=">AAACGXicbZDJSgNBEIZ7XGPcRj16aQyCIIQZEfQiBPQQbxHMApkh9PRUkiY9C901Qgh5DS++ihcPinjUk29jZ4Fo4g8NP19VUV1/kEqh0XG+raXlldW19dxGfnNre2fX3tuv6SRTHKo8kYlqBEyDFDFUUaCERqqARYGEetC7HtXrD6C0SOJ77KfgR6wTi7bgDA1q2c5t0+sypB2fXlHqoZAh0Bk7pd4NSGQz1LILTtEZiy4ad2oKZKpKy/70woRnEcTIJdO66Top+gOmUHAJw7yXaUgZ77EONI2NWQTaH4wvG9JjQ0LaTpR5MdIx/T0xYJHW/SgwnRHDrp6vjeB/tWaG7Ut/IOI0Q4j5ZFE7kxQTOoqJhkIBR9k3hnElzF8p7zLFOJow8yYEd/7kRVM7K7pO0b07L5TK0zhy5JAckRPikgtSImVSIVXCySN5Jq/kzXqyXqx362PSumRNZw7IH1lfPy+7nfA=</latexit><latexit sha1_base64="wcSEQtO0BjsP5f6CTcNWy5FFAr0=">AAACGXicbZDJSgNBEIZ7XGPcRj16aQyCIIQZEfQiBPQQbxHMApkh9PRUkiY9C901Qgh5DS++ihcPinjUk29jZ4Fo4g8NP19VUV1/kEqh0XG+raXlldW19dxGfnNre2fX3tuv6SRTHKo8kYlqBEyDFDFUUaCERqqARYGEetC7HtXrD6C0SOJ77KfgR6wTi7bgDA1q2c5t0+sypB2fXlHqoZAh0Bk7pd4NSGQz1LILTtEZiy4ad2oKZKpKy/70woRnEcTIJdO66Top+gOmUHAJw7yXaUgZ77EONI2NWQTaH4wvG9JjQ0LaTpR5MdIx/T0xYJHW/SgwnRHDrp6vjeB/tWaG7Ut/IOI0Q4j5ZFE7kxQTOoqJhkIBR9k3hnElzF8p7zLFOJow8yYEd/7kRVM7K7pO0b07L5TK0zhy5JAckRPikgtSImVSIVXCySN5Jq/kzXqyXqx362PSumRNZw7IH1lfPy+7nfA=</latexit><latexit sha1_base64="wcSEQtO0BjsP5f6CTcNWy5FFAr0=">AAACGXicbZDJSgNBEIZ7XGPcRj16aQyCIIQZEfQiBPQQbxHMApkh9PRUkiY9C901Qgh5DS++ihcPinjUk29jZ4Fo4g8NP19VUV1/kEqh0XG+raXlldW19dxGfnNre2fX3tuv6SRTHKo8kYlqBEyDFDFUUaCERqqARYGEetC7HtXrD6C0SOJ77KfgR6wTi7bgDA1q2c5t0+sypB2fXlHqoZAh0Bk7pd4NSGQz1LILTtEZiy4ad2oKZKpKy/70woRnEcTIJdO66Top+gOmUHAJw7yXaUgZ77EONI2NWQTaH4wvG9JjQ0LaTpR5MdIx/T0xYJHW/SgwnRHDrp6vjeB/tWaG7Ut/IOI0Q4j5ZFE7kxQTOoqJhkIBR9k3hnElzF8p7zLFOJow8yYEd/7kRVM7K7pO0b07L5TK0zhy5JAckRPikgtSImVSIVXCySN5Jq/kzXqyXqx362PSumRNZw7IH1lfPy+7nfA=</latexit>

Z(�) =

Z

�
[dĝ]e�I[ĝ]

<latexit sha1_base64="3l9rOE5O0Oa92YxY5rTmmdypDmY=">AAACGnicbVBNS8NAEN34bf2qevSyWIR6sCQi6EUoeNGbgrXFJJbNdtoubjZhdyKU0N/hxb/ixYMi3sSL/8Ztm4NfDxbevDfD7LwolcKg6346U9Mzs3PzC4ulpeWV1bXy+saVSTLNocETmehWxAxIoaCBAiW0Ug0sjiQ0o9uTkd+8A21Eoi5xkEIYs54SXcEZWqld9q6rQQTIdukxpYFQ2B6X1O/QoM+Q9kJK4SbfO/OLctguV9yaOwb9S7yCVEiB83b5PegkPItBIZfMGN9zUwxzplFwCcNSkBlIGb9lPfAtVSwGE+bj04Z0xyod2k20fQrpWP0+kbPYmEEc2c6YYd/89kbif56fYfcozIVKMwTFJ4u6maSY0FFOtCM0cJQDSxjXwv6V8j7TjKNNs2RD8H6f/Jdc7dc8t+ZdHFTqp0UcC2SLbJMq8cghqZNTck4ahJN78kieyYvz4Dw5r87bpHXKKWY2yQ84H19eb56e</latexit><latexit sha1_base64="3l9rOE5O0Oa92YxY5rTmmdypDmY=">AAACGnicbVBNS8NAEN34bf2qevSyWIR6sCQi6EUoeNGbgrXFJJbNdtoubjZhdyKU0N/hxb/ixYMi3sSL/8Ztm4NfDxbevDfD7LwolcKg6346U9Mzs3PzC4ulpeWV1bXy+saVSTLNocETmehWxAxIoaCBAiW0Ug0sjiQ0o9uTkd+8A21Eoi5xkEIYs54SXcEZWqld9q6rQQTIdukxpYFQ2B6X1O/QoM+Q9kJK4SbfO/OLctguV9yaOwb9S7yCVEiB83b5PegkPItBIZfMGN9zUwxzplFwCcNSkBlIGb9lPfAtVSwGE+bj04Z0xyod2k20fQrpWP0+kbPYmEEc2c6YYd/89kbif56fYfcozIVKMwTFJ4u6maSY0FFOtCM0cJQDSxjXwv6V8j7TjKNNs2RD8H6f/Jdc7dc8t+ZdHFTqp0UcC2SLbJMq8cghqZNTck4ahJN78kieyYvz4Dw5r87bpHXKKWY2yQ84H19eb56e</latexit><latexit sha1_base64="3l9rOE5O0Oa92YxY5rTmmdypDmY=">AAACGnicbVBNS8NAEN34bf2qevSyWIR6sCQi6EUoeNGbgrXFJJbNdtoubjZhdyKU0N/hxb/ixYMi3sSL/8Ztm4NfDxbevDfD7LwolcKg6346U9Mzs3PzC4ulpeWV1bXy+saVSTLNocETmehWxAxIoaCBAiW0Ug0sjiQ0o9uTkd+8A21Eoi5xkEIYs54SXcEZWqld9q6rQQTIdukxpYFQ2B6X1O/QoM+Q9kJK4SbfO/OLctguV9yaOwb9S7yCVEiB83b5PegkPItBIZfMGN9zUwxzplFwCcNSkBlIGb9lPfAtVSwGE+bj04Z0xyod2k20fQrpWP0+kbPYmEEc2c6YYd/89kbif56fYfcozIVKMwTFJ4u6maSY0FFOtCM0cJQDSxjXwv6V8j7TjKNNs2RD8H6f/Jdc7dc8t+ZdHFTqp0UcC2SLbJMq8cghqZNTck4ahJN78kieyYvz4Dw5r87bpHXKKWY2yQ84H19eb56e</latexit><latexit sha1_base64="3l9rOE5O0Oa92YxY5rTmmdypDmY=">AAACGnicbVBNS8NAEN34bf2qevSyWIR6sCQi6EUoeNGbgrXFJJbNdtoubjZhdyKU0N/hxb/ixYMi3sSL/8Ztm4NfDxbevDfD7LwolcKg6346U9Mzs3PzC4ulpeWV1bXy+saVSTLNocETmehWxAxIoaCBAiW0Ug0sjiQ0o9uTkd+8A21Eoi5xkEIYs54SXcEZWqld9q6rQQTIdukxpYFQ2B6X1O/QoM+Q9kJK4SbfO/OLctguV9yaOwb9S7yCVEiB83b5PegkPItBIZfMGN9zUwxzplFwCcNSkBlIGb9lPfAtVSwGE+bj04Z0xyod2k20fQrpWP0+kbPYmEEc2c6YYd/89kbif56fYfcozIVKMwTFJ4u6maSY0FFOtCM0cJQDSxjXwv6V8j7TjKNNs2RD8H6f/Jdc7dc8t+ZdHFTqp0UcC2SLbJMq8cghqZNTck4ahJN78kieyYvz4Dw5r87bpHXKKWY2yQ84H19eb56e</latexit>

S = �M + logZ(�)
<latexit sha1_base64="PnXpcJ9swltdd73ivIXrhZC7ojk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEilASEXQjFNx0I1S0D2xCmUwn7dDJTJiZCCUUN/6KGxeKuPUr3Pk3TtMstHrgwuGce7n3niBmVGnH+bIKC4tLyyvF1dLa+sbmlr2901IikZg0sWBCdgKkCKOcNDXVjHRiSVAUMNIORpdTv31PpKKC3+pxTPwIDTgNKUbaSD177+bCC4hG8ArCY4+JAbyrZMJRzy47VScD/EvcnJRBjkbP/vT6AicR4RozpFTXdWLtp0hqihmZlLxEkRjhERqQrqEcRUT5afbCBB4apQ9DIU1xDTP150SKIqXGUWA6I6SHat6biv953USH535KeZxowvFsUZgwqAWc5gH7VBKs2dgQhCU1t0I8RBJhbVIrmRDc+Zf/ktZJ1XWq7vVpuVbP4yiCfXAAKsAFZ6AG6qABmgCDB/AEXsCr9Wg9W2/W+6y1YOUzu+AXrI9vQG+VbA==</latexit><latexit sha1_base64="PnXpcJ9swltdd73ivIXrhZC7ojk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEilASEXQjFNx0I1S0D2xCmUwn7dDJTJiZCCUUN/6KGxeKuPUr3Pk3TtMstHrgwuGce7n3niBmVGnH+bIKC4tLyyvF1dLa+sbmlr2901IikZg0sWBCdgKkCKOcNDXVjHRiSVAUMNIORpdTv31PpKKC3+pxTPwIDTgNKUbaSD177+bCC4hG8ArCY4+JAbyrZMJRzy47VScD/EvcnJRBjkbP/vT6AicR4RozpFTXdWLtp0hqihmZlLxEkRjhERqQrqEcRUT5afbCBB4apQ9DIU1xDTP150SKIqXGUWA6I6SHat6biv953USH535KeZxowvFsUZgwqAWc5gH7VBKs2dgQhCU1t0I8RBJhbVIrmRDc+Zf/ktZJ1XWq7vVpuVbP4yiCfXAAKsAFZ6AG6qABmgCDB/AEXsCr9Wg9W2/W+6y1YOUzu+AXrI9vQG+VbA==</latexit><latexit sha1_base64="PnXpcJ9swltdd73ivIXrhZC7ojk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEilASEXQjFNx0I1S0D2xCmUwn7dDJTJiZCCUUN/6KGxeKuPUr3Pk3TtMstHrgwuGce7n3niBmVGnH+bIKC4tLyyvF1dLa+sbmlr2901IikZg0sWBCdgKkCKOcNDXVjHRiSVAUMNIORpdTv31PpKKC3+pxTPwIDTgNKUbaSD177+bCC4hG8ArCY4+JAbyrZMJRzy47VScD/EvcnJRBjkbP/vT6AicR4RozpFTXdWLtp0hqihmZlLxEkRjhERqQrqEcRUT5afbCBB4apQ9DIU1xDTP150SKIqXGUWA6I6SHat6biv953USH535KeZxowvFsUZgwqAWc5gH7VBKs2dgQhCU1t0I8RBJhbVIrmRDc+Zf/ktZJ1XWq7vVpuVbP4yiCfXAAKsAFZ6AG6qABmgCDB/AEXsCr9Wg9W2/W+6y1YOUzu+AXrI9vQG+VbA==</latexit><latexit sha1_base64="PnXpcJ9swltdd73ivIXrhZC7ojk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEilASEXQjFNx0I1S0D2xCmUwn7dDJTJiZCCUUN/6KGxeKuPUr3Pk3TtMstHrgwuGce7n3niBmVGnH+bIKC4tLyyvF1dLa+sbmlr2901IikZg0sWBCdgKkCKOcNDXVjHRiSVAUMNIORpdTv31PpKKC3+pxTPwIDTgNKUbaSD177+bCC4hG8ArCY4+JAbyrZMJRzy47VScD/EvcnJRBjkbP/vT6AicR4RozpFTXdWLtp0hqihmZlLxEkRjhERqQrqEcRUT5afbCBB4apQ9DIU1xDTP150SKIqXGUWA6I6SHat6biv953USH535KeZxowvFsUZgwqAWc5gH7VBKs2dgQhCU1t0I8RBJhbVIrmRDc+Zf/ktZJ1XWq7vVpuVbP4yiCfXAAKsAFZ6AG6qABmgCDB/AEXsCr9Wg9W2/W+6y1YOUzu+AXrI9vQG+VbA==</latexit>

M = �@� logZ(�)
<latexit sha1_base64="v0bVAk3hBsI6r1pBgZgR6IHnUWg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQF5ZEBN0IBTfdCBXsA5sQJtNJO3SSCTMToYTu3fgrblwo4tYfcOffOEmz0NYDA+eecy937vFjRqWyrG+jtLK6tr5R3qxsbe/s7pn7B13JE4FJB3PGRd9HkjAakY6iipF+LAgKfUZ6/uQ683sPREjKozs1jYkbolFEA4qR0pJnVm/gFTyFToyEooh5jk8Ugg7jI3hfz4sTz6xZDSsHXCZ2QWqgQNszv5whx0lIIoUZknJgW7Fy02wDZmRWcRJJYoQnaEQGmkYoJNJN81tm8FgrQxhwoV+kYK7+nkhRKOU09HVniNRYLnqZ+J83SFRw6aY0ihNFIjxfFCQMKg6zYOCQCoIVm2qCsKD6rxCPkUBY6fgqOgR78eRl0j1r2FbDvj2vNVtFHGVwBKqgDmxwAZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP7A+PwBJc+ZPQ==</latexit><latexit sha1_base64="v0bVAk3hBsI6r1pBgZgR6IHnUWg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQF5ZEBN0IBTfdCBXsA5sQJtNJO3SSCTMToYTu3fgrblwo4tYfcOffOEmz0NYDA+eecy937vFjRqWyrG+jtLK6tr5R3qxsbe/s7pn7B13JE4FJB3PGRd9HkjAakY6iipF+LAgKfUZ6/uQ683sPREjKozs1jYkbolFEA4qR0pJnVm/gFTyFToyEooh5jk8Ugg7jI3hfz4sTz6xZDSsHXCZ2QWqgQNszv5whx0lIIoUZknJgW7Fy02wDZmRWcRJJYoQnaEQGmkYoJNJN81tm8FgrQxhwoV+kYK7+nkhRKOU09HVniNRYLnqZ+J83SFRw6aY0ihNFIjxfFCQMKg6zYOCQCoIVm2qCsKD6rxCPkUBY6fgqOgR78eRl0j1r2FbDvj2vNVtFHGVwBKqgDmxwAZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP7A+PwBJc+ZPQ==</latexit><latexit sha1_base64="v0bVAk3hBsI6r1pBgZgR6IHnUWg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQF5ZEBN0IBTfdCBXsA5sQJtNJO3SSCTMToYTu3fgrblwo4tYfcOffOEmz0NYDA+eecy937vFjRqWyrG+jtLK6tr5R3qxsbe/s7pn7B13JE4FJB3PGRd9HkjAakY6iipF+LAgKfUZ6/uQ683sPREjKozs1jYkbolFEA4qR0pJnVm/gFTyFToyEooh5jk8Ugg7jI3hfz4sTz6xZDSsHXCZ2QWqgQNszv5whx0lIIoUZknJgW7Fy02wDZmRWcRJJYoQnaEQGmkYoJNJN81tm8FgrQxhwoV+kYK7+nkhRKOU09HVniNRYLnqZ+J83SFRw6aY0ihNFIjxfFCQMKg6zYOCQCoIVm2qCsKD6rxCPkUBY6fgqOgR78eRl0j1r2FbDvj2vNVtFHGVwBKqgDmxwAZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP7A+PwBJc+ZPQ==</latexit><latexit sha1_base64="v0bVAk3hBsI6r1pBgZgR6IHnUWg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQF5ZEBN0IBTfdCBXsA5sQJtNJO3SSCTMToYTu3fgrblwo4tYfcOffOEmz0NYDA+eecy937vFjRqWyrG+jtLK6tr5R3qxsbe/s7pn7B13JE4FJB3PGRd9HkjAakY6iipF+LAgKfUZ6/uQ683sPREjKozs1jYkbolFEA4qR0pJnVm/gFTyFToyEooh5jk8Ugg7jI3hfz4sTz6xZDSsHXCZ2QWqgQNszv5whx0lIIoUZknJgW7Fy02wDZmRWcRJJYoQnaEQGmkYoJNJN81tm8FgrQxhwoV+kYK7+nkhRKOU09HVniNRYLnqZ+J83SFRw6aY0ihNFIjxfFCQMKg6zYOCQCoIVm2qCsKD6rxCPkUBY6fgqOgR78eRl0j1r2FbDvj2vNVtFHGVwBKqgDmxwAZqgBdqgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP7A+PwBJc+ZPQ==</latexit>

� = @MS
<latexit sha1_base64="EXpgXpNnWLhBK+4W4sHdCBjptg8=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6EYouOlGqGgf0IQwmU7boZNJmJkINRR/xY0LRdz6H+78GydtFtp64MLhnHtn7j1hwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5LxakktEliHstOiBXlTNCmZprTTiIpjkJO2+HoOvfbD1QqFot7PU6oH+GBYH1GsDZSYB96IdUYXSEvwVIzzIMbdBfYFafqTIEWiVuQChRoBPaX14tJGlGhCcdKdV0n0X6Wv0g4nZS9VNEEkxEe0K6hAkdU+dl0+wk6MUoP9WNpSmg0VX9PZDhSahyFpjPCeqjmvVz8z+umun/pZ0wkqaaCzD7qpxzpGOVRoB6TlGg+NgQTycyuiAyxxESbwMomBHf+5EXSOqu6TtW9Pa/U6kUcJTiCYzgFFy6gBnVoQBMIPMIzvMKb9WS9WO/Wx6x1ySpmDuAPrM8fEo+UVg==</latexit><latexit sha1_base64="EXpgXpNnWLhBK+4W4sHdCBjptg8=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6EYouOlGqGgf0IQwmU7boZNJmJkINRR/xY0LRdz6H+78GydtFtp64MLhnHtn7j1hwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5LxakktEliHstOiBXlTNCmZprTTiIpjkJO2+HoOvfbD1QqFot7PU6oH+GBYH1GsDZSYB96IdUYXSEvwVIzzIMbdBfYFafqTIEWiVuQChRoBPaX14tJGlGhCcdKdV0n0X6Wv0g4nZS9VNEEkxEe0K6hAkdU+dl0+wk6MUoP9WNpSmg0VX9PZDhSahyFpjPCeqjmvVz8z+umun/pZ0wkqaaCzD7qpxzpGOVRoB6TlGg+NgQTycyuiAyxxESbwMomBHf+5EXSOqu6TtW9Pa/U6kUcJTiCYzgFFy6gBnVoQBMIPMIzvMKb9WS9WO/Wx6x1ySpmDuAPrM8fEo+UVg==</latexit><latexit sha1_base64="EXpgXpNnWLhBK+4W4sHdCBjptg8=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6EYouOlGqGgf0IQwmU7boZNJmJkINRR/xY0LRdz6H+78GydtFtp64MLhnHtn7j1hwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5LxakktEliHstOiBXlTNCmZprTTiIpjkJO2+HoOvfbD1QqFot7PU6oH+GBYH1GsDZSYB96IdUYXSEvwVIzzIMbdBfYFafqTIEWiVuQChRoBPaX14tJGlGhCcdKdV0n0X6Wv0g4nZS9VNEEkxEe0K6hAkdU+dl0+wk6MUoP9WNpSmg0VX9PZDhSahyFpjPCeqjmvVz8z+umun/pZ0wkqaaCzD7qpxzpGOVRoB6TlGg+NgQTycyuiAyxxESbwMomBHf+5EXSOqu6TtW9Pa/U6kUcJTiCYzgFFy6gBnVoQBMIPMIzvMKb9WS9WO/Wx6x1ySpmDuAPrM8fEo+UVg==</latexit><latexit sha1_base64="EXpgXpNnWLhBK+4W4sHdCBjptg8=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6EYouOlGqGgf0IQwmU7boZNJmJkINRR/xY0LRdz6H+78GydtFtp64MLhnHtn7j1hwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5LxakktEliHstOiBXlTNCmZprTTiIpjkJO2+HoOvfbD1QqFot7PU6oH+GBYH1GsDZSYB96IdUYXSEvwVIzzIMbdBfYFafqTIEWiVuQChRoBPaX14tJGlGhCcdKdV0n0X6Wv0g4nZS9VNEEkxEe0K6hAkdU+dl0+wk6MUoP9WNpSmg0VX9PZDhSahyFpjPCeqjmvVz8z+umun/pZ0wkqaaCzD7qpxzpGOVRoB6TlGg+NgQTycyuiAyxxESbwMomBHf+5EXSOqu6TtW9Pa/U6kUcJTiCYzgFFy6gBnVoQBMIPMIzvMKb9WS9WO/Wx6x1ySpmDuAPrM8fEo+UVg==</latexit>



Z(�) =

Z

�
[dĝ][d�̂]e�IUV[ĝ,�̂] =

Z

�
[dĝ]e�I[ĝ]

<latexit sha1_base64="gQmvfHhEhrI3lFnijW7+QoTnebA="></latexit><latexit sha1_base64="gQmvfHhEhrI3lFnijW7+QoTnebA="></latexit><latexit sha1_base64="gQmvfHhEhrI3lFnijW7+QoTnebA="></latexit><latexit sha1_base64="gQmvfHhEhrI3lFnijW7+QoTnebA="></latexit>

Classically, higher-dimensional operators are 
generated at tree-level by heavy states.



Dropping heavy states reduces the theory to 
the “baseline”, e.g. Einstein-Maxwell.

IUV[ĝ, 0] = Ĩ[ĝ]
<latexit sha1_base64="XnLNEDi3pfCE5Z5ImuN+y+3ibvk=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBbRg5REBL0IBS/trYJpC00om+22XbqbhN2JUEJ/ghf/ihcPinj16M1/47bNQVsfDDzem2FmXpgIrsFxvq3Cyura+kZxs7S1vbO7Z+8fNHWcKso8GotYtUOimeAR84CDYO1EMSJDwVrh6Hbqtx6Y0jyO7mGcsECSQcT7nBIwUtc+rXczX0nsNScdf0gAD86dAN9gH7joMVzPxaBrl52KMwNeJm5OyihHo2t/+b2YppJFQAXRuuM6CQQZUcCpYJOSn2qWEDoiA9YxNCKS6SCbPTTBJ0bp4X6sTEWAZ+rviYxIrccyNJ2SwFAvelPxP6+TQv86yHiUpMAiOl/UTwWGGE/TwT2uGAUxNoRQxc2tmA6JIhRMhiUTgrv48jJpXlRcp+LeXZartTyOIjpCx+gMuegKVVENNZCHKHpEz+gVvVlP1ov1bn3MWwtWPnOI/sD6/AHluJs9</latexit><latexit sha1_base64="XnLNEDi3pfCE5Z5ImuN+y+3ibvk=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBbRg5REBL0IBS/trYJpC00om+22XbqbhN2JUEJ/ghf/ihcPinj16M1/47bNQVsfDDzem2FmXpgIrsFxvq3Cyura+kZxs7S1vbO7Z+8fNHWcKso8GotYtUOimeAR84CDYO1EMSJDwVrh6Hbqtx6Y0jyO7mGcsECSQcT7nBIwUtc+rXczX0nsNScdf0gAD86dAN9gH7joMVzPxaBrl52KMwNeJm5OyihHo2t/+b2YppJFQAXRuuM6CQQZUcCpYJOSn2qWEDoiA9YxNCKS6SCbPTTBJ0bp4X6sTEWAZ+rviYxIrccyNJ2SwFAvelPxP6+TQv86yHiUpMAiOl/UTwWGGE/TwT2uGAUxNoRQxc2tmA6JIhRMhiUTgrv48jJpXlRcp+LeXZartTyOIjpCx+gMuegKVVENNZCHKHpEz+gVvVlP1ov1bn3MWwtWPnOI/sD6/AHluJs9</latexit><latexit sha1_base64="XnLNEDi3pfCE5Z5ImuN+y+3ibvk=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBbRg5REBL0IBS/trYJpC00om+22XbqbhN2JUEJ/ghf/ihcPinj16M1/47bNQVsfDDzem2FmXpgIrsFxvq3Cyura+kZxs7S1vbO7Z+8fNHWcKso8GotYtUOimeAR84CDYO1EMSJDwVrh6Hbqtx6Y0jyO7mGcsECSQcT7nBIwUtc+rXczX0nsNScdf0gAD86dAN9gH7joMVzPxaBrl52KMwNeJm5OyihHo2t/+b2YppJFQAXRuuM6CQQZUcCpYJOSn2qWEDoiA9YxNCKS6SCbPTTBJ0bp4X6sTEWAZ+rviYxIrccyNJ2SwFAvelPxP6+TQv86yHiUpMAiOl/UTwWGGE/TwT2uGAUxNoRQxc2tmA6JIhRMhiUTgrv48jJpXlRcp+LeXZartTyOIjpCx+gMuegKVVENNZCHKHpEz+gVvVlP1ov1bn3MWwtWPnOI/sD6/AHluJs9</latexit><latexit sha1_base64="XnLNEDi3pfCE5Z5ImuN+y+3ibvk=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBbRg5REBL0IBS/trYJpC00om+22XbqbhN2JUEJ/ghf/ihcPinj16M1/47bNQVsfDDzem2FmXpgIrsFxvq3Cyura+kZxs7S1vbO7Z+8fNHWcKso8GotYtUOimeAR84CDYO1EMSJDwVrh6Hbqtx6Y0jyO7mGcsECSQcT7nBIwUtc+rXczX0nsNScdf0gAD86dAN9gH7joMVzPxaBrl52KMwNeJm5OyihHo2t/+b2YppJFQAXRuuM6CQQZUcCpYJOSn2qWEDoiA9YxNCKS6SCbPTTBJ0bp4X6sTEWAZ+rviYxIrccyNJ2SwFAvelPxP6+TQv86yHiUpMAiOl/UTwWGGE/TwT2uGAUxNoRQxc2tmA6JIhRMhiUTgrv48jJpXlRcp+LeXZartTyOIjpCx+gMuegKVVENNZCHKHpEz+gVvVlP1ov1bn3MWwtWPnOI/sD6/AHluJs9</latexit>

Z(�) =

Z

�
[dĝ][d�̂]e�IUV[ĝ,�̂] =

Z

�
[dĝ]e�I[ĝ]

<latexit sha1_base64="gQmvfHhEhrI3lFnijW7+QoTnebA="></latexit><latexit sha1_base64="gQmvfHhEhrI3lFnijW7+QoTnebA="></latexit><latexit sha1_base64="gQmvfHhEhrI3lFnijW7+QoTnebA="></latexit><latexit sha1_base64="gQmvfHhEhrI3lFnijW7+QoTnebA="></latexit>

Classically, higher-dimensional operators are 
generated at tree-level by heavy states.



perturbed 
Reissner-

Nordstrom

insert classical solutions

logZ(�) ⇠ �IUV[g,�]
<latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit><latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit><latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit><latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit>

Compute the free energy via the saddle 
point approximation.



>
<latexit sha1_base64="wQHgwF7PAbBO2edcEB9iUzpGVQA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvPTYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M/9zhMqzWP5YKYJ+hEdSR5yRo2VmneDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPkB+MyA==</latexit><latexit sha1_base64="wQHgwF7PAbBO2edcEB9iUzpGVQA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvPTYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M/9zhMqzWP5YKYJ+hEdSR5yRo2VmneDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPkB+MyA==</latexit><latexit sha1_base64="wQHgwF7PAbBO2edcEB9iUzpGVQA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvPTYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M/9zhMqzWP5YKYJ+hEdSR5yRo2VmneDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPkB+MyA==</latexit><latexit sha1_base64="wQHgwF7PAbBO2edcEB9iUzpGVQA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvPTYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M/9zhMqzWP5YKYJ+hEdSR5yRo2VmneDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPkB+MyA==</latexit>

perturbed 
Reissner-

Nordstrom

insert classical solutions

logZ(�) ⇠ �IUV[g,�]
<latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit><latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit><latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit><latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit>

�IUV[g̃, 0]
<latexit sha1_base64="5L55jJHbdJoTE+TDsI10mKCMelg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCy2JCLosuKm7CqYtJCFMJpN26MwkzEyEEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe++Jc0aVdpxva2l5ZXVtvbJR3dza3tm19/bbKiskJh7OWCa7MVKEUUE8TTUj3VwSxGNGOvHgZux3HohUNBP3epiTkKOeoCnFSBspsg/Pb6MykBx67ZEfaMoSAntnTggju+bUnQngInFnpAZmaEX2V5BkuOBEaMyQUr7r5DoskdQUMzKqBoUiOcID1CO+oQJxosJy8sEInhglgWkmTQkNJ+rviRJxpYY8Np0c6b6a98bif55f6PQ6LKnIC00Eni5KCwZ1BsdxwIRKgjUbGoKwpOZWiPtIIqxNaFUTgjv/8iJpX9Rdp+7eXdYazVkcFXAEjsEpcMEVaIAmaAEPYPAInsEreLOerBfr3fqYti5Zs5kD8AfW5w94hpWd</latexit><latexit sha1_base64="5L55jJHbdJoTE+TDsI10mKCMelg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCy2JCLosuKm7CqYtJCFMJpN26MwkzEyEEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe++Jc0aVdpxva2l5ZXVtvbJR3dza3tm19/bbKiskJh7OWCa7MVKEUUE8TTUj3VwSxGNGOvHgZux3HohUNBP3epiTkKOeoCnFSBspsg/Pb6MykBx67ZEfaMoSAntnTggju+bUnQngInFnpAZmaEX2V5BkuOBEaMyQUr7r5DoskdQUMzKqBoUiOcID1CO+oQJxosJy8sEInhglgWkmTQkNJ+rviRJxpYY8Np0c6b6a98bif55f6PQ6LKnIC00Eni5KCwZ1BsdxwIRKgjUbGoKwpOZWiPtIIqxNaFUTgjv/8iJpX9Rdp+7eXdYazVkcFXAEjsEpcMEVaIAmaAEPYPAInsEreLOerBfr3fqYti5Zs5kD8AfW5w94hpWd</latexit><latexit sha1_base64="5L55jJHbdJoTE+TDsI10mKCMelg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCy2JCLosuKm7CqYtJCFMJpN26MwkzEyEEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe++Jc0aVdpxva2l5ZXVtvbJR3dza3tm19/bbKiskJh7OWCa7MVKEUUE8TTUj3VwSxGNGOvHgZux3HohUNBP3epiTkKOeoCnFSBspsg/Pb6MykBx67ZEfaMoSAntnTggju+bUnQngInFnpAZmaEX2V5BkuOBEaMyQUr7r5DoskdQUMzKqBoUiOcID1CO+oQJxosJy8sEInhglgWkmTQkNJ+rviRJxpYY8Np0c6b6a98bif55f6PQ6LKnIC00Eni5KCwZ1BsdxwIRKgjUbGoKwpOZWiPtIIqxNaFUTgjv/8iJpX9Rdp+7eXdYazVkcFXAEjsEpcMEVaIAmaAEPYPAInsEreLOerBfr3fqYti5Zs5kD8AfW5w94hpWd</latexit><latexit sha1_base64="5L55jJHbdJoTE+TDsI10mKCMelg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCy2JCLosuKm7CqYtJCFMJpN26MwkzEyEEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe++Jc0aVdpxva2l5ZXVtvbJR3dza3tm19/bbKiskJh7OWCa7MVKEUUE8TTUj3VwSxGNGOvHgZux3HohUNBP3epiTkKOeoCnFSBspsg/Pb6MykBx67ZEfaMoSAntnTggju+bUnQngInFnpAZmaEX2V5BkuOBEaMyQUr7r5DoskdQUMzKqBoUiOcID1CO+oQJxosJy8sEInhglgWkmTQkNJ+rviRJxpYY8Np0c6b6a98bif55f6PQ6LKnIC00Eni5KCwZ1BsdxwIRKgjUbGoKwpOZWiPtIIqxNaFUTgjv/8iJpX9Rdp+7eXdYazVkcFXAEjsEpcMEVaIAmaAEPYPAInsEreLOerBfr3fqYti5Zs5kD8AfW5w94hpWd</latexit>

definition of
extremization

Compute the free energy via the saddle 
point approximation.



Compute the free energy via the saddle 
point approximation.

>
<latexit sha1_base64="wQHgwF7PAbBO2edcEB9iUzpGVQA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvPTYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M/9zhMqzWP5YKYJ+hEdSR5yRo2VmneDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPkB+MyA==</latexit><latexit sha1_base64="wQHgwF7PAbBO2edcEB9iUzpGVQA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvPTYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M/9zhMqzWP5YKYJ+hEdSR5yRo2VmneDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPkB+MyA==</latexit><latexit sha1_base64="wQHgwF7PAbBO2edcEB9iUzpGVQA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvPTYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M/9zhMqzWP5YKYJ+hEdSR5yRo2VmneDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPkB+MyA==</latexit><latexit sha1_base64="wQHgwF7PAbBO2edcEB9iUzpGVQA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvPTYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M/9zhMqzWP5YKYJ+hEdSR5yRo2VmneDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPkB+MyA==</latexit>
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logZ(�) ⇠ �IUV[g,�]
<latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit><latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit><latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit><latexit sha1_base64="OlixWSApX4mkpDERngAkaTDKjDA=">AAACEHicbVBNS8NAEN3Ur1q/oh69LBaxgpZEBD0WvNRbBdMWkxA22027dDcJuxuhhP4EL/4VLx4U8erRm//GbZuDtj4YeLw3w8y8MGVUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMHFwwhLRDZEkjMbEUVQx0k0FQTxkpBMOryd+54EISZP4To1S4nPUj2lEMVJaCsxjjyV9eF/zQqLQCfQk5fDsJsg9waHTHrv9Uy8dUB8GZtWqW1PARWIXpAoKtALzy+slOOMkVpghKV3bSpWfI6EoZmRc8TJJUoSHqE9cTWPEifTz6UNjeKSVHowSoStWcKr+nsgRl3LEQ93JkRrIeW8i/ue5mYqu/JzGaaZIjGeLooxBlcBJOrBHBcGKjTRBWFB9K8QDJBBWOsOKDsGef3mRtM/rtlW3by+qjWYRRxkcgENQAza4BA3QBC3gAAwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8ADGGbWA==</latexit>

log Z̃(�) ⇠ �Ĩ[g̃]
<latexit sha1_base64="5o07tAb3JHG+/TEcSj9AtyMv+Dk=">AAACFnicbZC7SgNBFIZnvcZ4W7W0GQxCLBJ2RdAyYBO7COaC2SXMTk6SIbMXZs4KIeQpbHwVGwtFbMXOt3GSbKGJPwx8/Occzpw/SKTQ6Djf1srq2vrGZm4rv72zu7dvHxw2dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxheT+vNB1BaxNEdjhLwQ9aPRE9whsbq2CVPxn3qoZBdoPdFLwBkZ9TTIqSlzL1pZ9D3O3bBKTsz0WVwMyiQTLWO/eV1Y56GECGXTOu26yToj5lCwSVM8l6qIWF8yPrQNhixELQ/np01oafG6dJerMyLkM7c3xNjFmo9CgPTGTIc6MXa1Pyv1k6xd+WPRZSkCBGfL+qlkmJMpxnRrlDAUY4MMK6E+SvlA6YYR5Nk3oTgLp68DI3zsuuU3duLQqWaxZEjx+SEFIlLLkmFVEmN1Aknj+SZvJI368l6sd6tj3nripXNHJE/sj5/AOmJnfg=</latexit><latexit sha1_base64="5o07tAb3JHG+/TEcSj9AtyMv+Dk=">AAACFnicbZC7SgNBFIZnvcZ4W7W0GQxCLBJ2RdAyYBO7COaC2SXMTk6SIbMXZs4KIeQpbHwVGwtFbMXOt3GSbKGJPwx8/Occzpw/SKTQ6Djf1srq2vrGZm4rv72zu7dvHxw2dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxheT+vNB1BaxNEdjhLwQ9aPRE9whsbq2CVPxn3qoZBdoPdFLwBkZ9TTIqSlzL1pZ9D3O3bBKTsz0WVwMyiQTLWO/eV1Y56GECGXTOu26yToj5lCwSVM8l6qIWF8yPrQNhixELQ/np01oafG6dJerMyLkM7c3xNjFmo9CgPTGTIc6MXa1Pyv1k6xd+WPRZSkCBGfL+qlkmJMpxnRrlDAUY4MMK6E+SvlA6YYR5Nk3oTgLp68DI3zsuuU3duLQqWaxZEjx+SEFIlLLkmFVEmN1Aknj+SZvJI368l6sd6tj3nripXNHJE/sj5/AOmJnfg=</latexit><latexit sha1_base64="5o07tAb3JHG+/TEcSj9AtyMv+Dk=">AAACFnicbZC7SgNBFIZnvcZ4W7W0GQxCLBJ2RdAyYBO7COaC2SXMTk6SIbMXZs4KIeQpbHwVGwtFbMXOt3GSbKGJPwx8/Occzpw/SKTQ6Djf1srq2vrGZm4rv72zu7dvHxw2dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxheT+vNB1BaxNEdjhLwQ9aPRE9whsbq2CVPxn3qoZBdoPdFLwBkZ9TTIqSlzL1pZ9D3O3bBKTsz0WVwMyiQTLWO/eV1Y56GECGXTOu26yToj5lCwSVM8l6qIWF8yPrQNhixELQ/np01oafG6dJerMyLkM7c3xNjFmo9CgPTGTIc6MXa1Pyv1k6xd+WPRZSkCBGfL+qlkmJMpxnRrlDAUY4MMK6E+SvlA6YYR5Nk3oTgLp68DI3zsuuU3duLQqWaxZEjx+SEFIlLLkmFVEmN1Aknj+SZvJI368l6sd6tj3nripXNHJE/sj5/AOmJnfg=</latexit><latexit sha1_base64="5o07tAb3JHG+/TEcSj9AtyMv+Dk=">AAACFnicbZC7SgNBFIZnvcZ4W7W0GQxCLBJ2RdAyYBO7COaC2SXMTk6SIbMXZs4KIeQpbHwVGwtFbMXOt3GSbKGJPwx8/Occzpw/SKTQ6Djf1srq2vrGZm4rv72zu7dvHxw2dJwqDnUey1i1AqZBigjqKFBCK1HAwkBCMxheT+vNB1BaxNEdjhLwQ9aPRE9whsbq2CVPxn3qoZBdoPdFLwBkZ9TTIqSlzL1pZ9D3O3bBKTsz0WVwMyiQTLWO/eV1Y56GECGXTOu26yToj5lCwSVM8l6qIWF8yPrQNhixELQ/np01oafG6dJerMyLkM7c3xNjFmo9CgPTGTIc6MXa1Pyv1k6xd+WPRZSkCBGfL+qlkmJMpxnRrlDAUY4MMK6E+SvlA6YYR5Nk3oTgLp68DI3zsuuU3duLQqWaxZEjx+SEFIlLLkmFVEmN1Aknj+SZvJI368l6sd6tj3nripXNHJE/sj5/AOmJnfg=</latexit>

�IUV[g̃, 0]
<latexit sha1_base64="5L55jJHbdJoTE+TDsI10mKCMelg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCy2JCLosuKm7CqYtJCFMJpN26MwkzEyEEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe++Jc0aVdpxva2l5ZXVtvbJR3dza3tm19/bbKiskJh7OWCa7MVKEUUE8TTUj3VwSxGNGOvHgZux3HohUNBP3epiTkKOeoCnFSBspsg/Pb6MykBx67ZEfaMoSAntnTggju+bUnQngInFnpAZmaEX2V5BkuOBEaMyQUr7r5DoskdQUMzKqBoUiOcID1CO+oQJxosJy8sEInhglgWkmTQkNJ+rviRJxpYY8Np0c6b6a98bif55f6PQ6LKnIC00Eni5KCwZ1BsdxwIRKgjUbGoKwpOZWiPtIIqxNaFUTgjv/8iJpX9Rdp+7eXdYazVkcFXAEjsEpcMEVaIAmaAEPYPAInsEreLOerBfr3fqYti5Zs5kD8AfW5w94hpWd</latexit><latexit sha1_base64="5L55jJHbdJoTE+TDsI10mKCMelg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCy2JCLosuKm7CqYtJCFMJpN26MwkzEyEEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe++Jc0aVdpxva2l5ZXVtvbJR3dza3tm19/bbKiskJh7OWCa7MVKEUUE8TTUj3VwSxGNGOvHgZux3HohUNBP3epiTkKOeoCnFSBspsg/Pb6MykBx67ZEfaMoSAntnTggju+bUnQngInFnpAZmaEX2V5BkuOBEaMyQUr7r5DoskdQUMzKqBoUiOcID1CO+oQJxosJy8sEInhglgWkmTQkNJ+rviRJxpYY8Np0c6b6a98bif55f6PQ6LKnIC00Eni5KCwZ1BsdxwIRKgjUbGoKwpOZWiPtIIqxNaFUTgjv/8iJpX9Rdp+7eXdYazVkcFXAEjsEpcMEVaIAmaAEPYPAInsEreLOerBfr3fqYti5Zs5kD8AfW5w94hpWd</latexit><latexit sha1_base64="5L55jJHbdJoTE+TDsI10mKCMelg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCy2JCLosuKm7CqYtJCFMJpN26MwkzEyEEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe++Jc0aVdpxva2l5ZXVtvbJR3dza3tm19/bbKiskJh7OWCa7MVKEUUE8TTUj3VwSxGNGOvHgZux3HohUNBP3epiTkKOeoCnFSBspsg/Pb6MykBx67ZEfaMoSAntnTggju+bUnQngInFnpAZmaEX2V5BkuOBEaMyQUr7r5DoskdQUMzKqBoUiOcID1CO+oQJxosJy8sEInhglgWkmTQkNJ+rviRJxpYY8Np0c6b6a98bif55f6PQ6LKnIC00Eni5KCwZ1BsdxwIRKgjUbGoKwpOZWiPtIIqxNaFUTgjv/8iJpX9Rdp+7eXdYazVkcFXAEjsEpcMEVaIAmaAEPYPAInsEreLOerBfr3fqYti5Zs5kD8AfW5w94hpWd</latexit><latexit sha1_base64="5L55jJHbdJoTE+TDsI10mKCMelg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCCy2JCLosuKm7CqYtJCFMJpN26MwkzEyEEurGX3HjQhG3/oU7/8bpY6GtBy4czrmXe++Jc0aVdpxva2l5ZXVtvbJR3dza3tm19/bbKiskJh7OWCa7MVKEUUE8TTUj3VwSxGNGOvHgZux3HohUNBP3epiTkKOeoCnFSBspsg/Pb6MykBx67ZEfaMoSAntnTggju+bUnQngInFnpAZmaEX2V5BkuOBEaMyQUr7r5DoskdQUMzKqBoUiOcID1CO+oQJxosJy8sEInhglgWkmTQkNJ+rviRJxpYY8Np0c6b6a98bif55f6PQ6LKnIC00Eni5KCwZ1BsdxwIRKgjUbGoKwpOZWiPtIIqxNaFUTgjv/8iJpX9Rdp+7eXdYazVkcFXAEjsEpcMEVaIAmaAEPYPAInsEreLOerBfr3fqYti5Zs5kD8AfW5w94hpWd</latexit>

=<latexit sha1_base64="NNnExcZ8v6sejOKRRNlRSkNMSAM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ8NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj/3O0+oNI/lg5km6Ed0JHnIGTVWat4NyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhrZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNa8rtXoeRxHO4BwuwYMbqEEdGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/jpuMxw==</latexit><latexit sha1_base64="NNnExcZ8v6sejOKRRNlRSkNMSAM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ8NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj/3O0+oNI/lg5km6Ed0JHnIGTVWat4NyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhrZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNa8rtXoeRxHO4BwuwYMbqEEdGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/jpuMxw==</latexit><latexit sha1_base64="NNnExcZ8v6sejOKRRNlRSkNMSAM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ8NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj/3O0+oNI/lg5km6Ed0JHnIGTVWat4NyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhrZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNa8rtXoeRxHO4BwuwYMbqEEdGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/jpuMxw==</latexit><latexit sha1_base64="NNnExcZ8v6sejOKRRNlRSkNMSAM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ8NJjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj/3O0+oNI/lg5km6Ed0JHnIGTVWat4NyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhrZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNa8rtXoeRxHO4BwuwYMbqEEdGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/jpuMxw==</latexit>
We derive an inequality at fixed temperature.
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Einstein-Maxwell



The free energy inequality can be written as:

logZ(�) > log Z̃(�) = (1 +��@�̃) log Z̃(�̃)
<latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit>



The free energy inequality can be written as:

logZ(�) > log Z̃(�) = (1 +��@�̃) log Z̃(�̃)
<latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit>

= log Z̃(�̃)�M��
<latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit><latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit><latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit><latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit>



M@M�S
<latexit sha1_base64="WwXDU3RalXrKfjAntTz8exSuKMY=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCq5DE0NZdQRduChXtA5oQJtNJO3TyYGYi1FL8FTcuFHHrf7jzb5y0FVT0wIXDOffO3HuClFEhTfNDKywtr6yuFddLG5tb2zv67l5bJBnHpIUTlvBugARhNCYtSSUj3ZQTFAWMdILRee53bgkXNIlv5DglXoQGMQ0pRlJJvn7QcFPEJUXMb0D3gjCJ4LWvl03jrFaxnQo0DdOsWraVE7vqnDrQUkqOMlig6evvbj/BWURiiRkSomeZqfQm+cOYkWnJzQRJER6hAekpGqOICG8y234Kj5XSh2HCVcUSztTvExMUCTGOAtUZITkUv71c/MvrZTKseRMap5kkMZ5/FGYMygTmUcA+5QRLNlYEYU7VrhAPEUdYqsBKKoSvS+H/pG0blmlYV065Xl/EUQSH4AicAAtUQR1cgiZoAQzuwAN4As/avfaovWiv89aCtpjZBz+gvX0C0saUzg==</latexit><latexit sha1_base64="WwXDU3RalXrKfjAntTz8exSuKMY=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCq5DE0NZdQRduChXtA5oQJtNJO3TyYGYi1FL8FTcuFHHrf7jzb5y0FVT0wIXDOffO3HuClFEhTfNDKywtr6yuFddLG5tb2zv67l5bJBnHpIUTlvBugARhNCYtSSUj3ZQTFAWMdILRee53bgkXNIlv5DglXoQGMQ0pRlJJvn7QcFPEJUXMb0D3gjCJ4LWvl03jrFaxnQo0DdOsWraVE7vqnDrQUkqOMlig6evvbj/BWURiiRkSomeZqfQm+cOYkWnJzQRJER6hAekpGqOICG8y234Kj5XSh2HCVcUSztTvExMUCTGOAtUZITkUv71c/MvrZTKseRMap5kkMZ5/FGYMygTmUcA+5QRLNlYEYU7VrhAPEUdYqsBKKoSvS+H/pG0blmlYV065Xl/EUQSH4AicAAtUQR1cgiZoAQzuwAN4As/avfaovWiv89aCtpjZBz+gvX0C0saUzg==</latexit><latexit sha1_base64="WwXDU3RalXrKfjAntTz8exSuKMY=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCq5DE0NZdQRduChXtA5oQJtNJO3TyYGYi1FL8FTcuFHHrf7jzb5y0FVT0wIXDOffO3HuClFEhTfNDKywtr6yuFddLG5tb2zv67l5bJBnHpIUTlvBugARhNCYtSSUj3ZQTFAWMdILRee53bgkXNIlv5DglXoQGMQ0pRlJJvn7QcFPEJUXMb0D3gjCJ4LWvl03jrFaxnQo0DdOsWraVE7vqnDrQUkqOMlig6evvbj/BWURiiRkSomeZqfQm+cOYkWnJzQRJER6hAekpGqOICG8y234Kj5XSh2HCVcUSztTvExMUCTGOAtUZITkUv71c/MvrZTKseRMap5kkMZ5/FGYMygTmUcA+5QRLNlYEYU7VrhAPEUdYqsBKKoSvS+H/pG0blmlYV065Xl/EUQSH4AicAAtUQR1cgiZoAQzuwAN4As/avfaovWiv89aCtpjZBz+gvX0C0saUzg==</latexit><latexit sha1_base64="WwXDU3RalXrKfjAntTz8exSuKMY=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCq5DE0NZdQRduChXtA5oQJtNJO3TyYGYi1FL8FTcuFHHrf7jzb5y0FVT0wIXDOffO3HuClFEhTfNDKywtr6yuFddLG5tb2zv67l5bJBnHpIUTlvBugARhNCYtSSUj3ZQTFAWMdILRee53bgkXNIlv5DglXoQGMQ0pRlJJvn7QcFPEJUXMb0D3gjCJ4LWvl03jrFaxnQo0DdOsWraVE7vqnDrQUkqOMlig6evvbj/BWURiiRkSomeZqfQm+cOYkWnJzQRJER6hAekpGqOICG8y234Kj5XSh2HCVcUSztTvExMUCTGOAtUZITkUv71c/MvrZTKseRMap5kkMZ5/FGYMygTmUcA+5QRLNlYEYU7VrhAPEUdYqsBKKoSvS+H/pG0blmlYV065Xl/EUQSH4AicAAtUQR1cgiZoAQzuwAN4As/avfaovWiv89aCtpjZBz+gvX0C0saUzg==</latexit>

The free energy inequality can be written as:

logZ(�) > log Z̃(�) = (1 +��@�̃) log Z̃(�̃)
<latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit>

= log Z̃(�̃)�M��
<latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit><latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit><latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit><latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit>

(1�M@M )S
<latexit sha1_base64="glf4LsbcQgo2FiOvRoF810SrjtU=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSxCXViSGNq6K7hxU6hoH9CGMJlO2qGTBzMToYbir7hxoYhb/8Odf+OkraCiBy4czrl35t7jxYwKaRgfWm5peWV1Lb9e2Njc2t7Rd/faIko4Ji0csYh3PSQIoyFpSSoZ6cacoMBjpOONLzK/c0u4oFF4IycxcQI0DKlPMZJKcvWDknkKG7AfIy4pYm4DnlxDVy8a5fNaxbIr0CgbRtW0zIxYVfvMhqZSMhTBAk1Xf+8PIpwEJJSYISF6phFLJ83exIxMC/1EkBjhMRqSnqIhCohw0tn2U3islAH0I64qlHCmfp9IUSDEJPBUZ4DkSPz2MvEvr5dIv+akNIwTSUI8/8hPGJQRzKKAA8oJlmyiCMKcql0hHiGOsFSBFVQIX5fC/0nbKptG2byyi/X6Io48OARHoARMUAV1cAmaoAUwuAMP4Ak8a/fao/aivc5bc9piZh/8gPb2Cbj4k3c=</latexit><latexit sha1_base64="glf4LsbcQgo2FiOvRoF810SrjtU=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSxCXViSGNq6K7hxU6hoH9CGMJlO2qGTBzMToYbir7hxoYhb/8Odf+OkraCiBy4czrl35t7jxYwKaRgfWm5peWV1Lb9e2Njc2t7Rd/faIko4Ji0csYh3PSQIoyFpSSoZ6cacoMBjpOONLzK/c0u4oFF4IycxcQI0DKlPMZJKcvWDknkKG7AfIy4pYm4DnlxDVy8a5fNaxbIr0CgbRtW0zIxYVfvMhqZSMhTBAk1Xf+8PIpwEJJSYISF6phFLJ83exIxMC/1EkBjhMRqSnqIhCohw0tn2U3islAH0I64qlHCmfp9IUSDEJPBUZ4DkSPz2MvEvr5dIv+akNIwTSUI8/8hPGJQRzKKAA8oJlmyiCMKcql0hHiGOsFSBFVQIX5fC/0nbKptG2byyi/X6Io48OARHoARMUAV1cAmaoAUwuAMP4Ak8a/fao/aivc5bc9piZh/8gPb2Cbj4k3c=</latexit><latexit sha1_base64="glf4LsbcQgo2FiOvRoF810SrjtU=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSxCXViSGNq6K7hxU6hoH9CGMJlO2qGTBzMToYbir7hxoYhb/8Odf+OkraCiBy4czrl35t7jxYwKaRgfWm5peWV1Lb9e2Njc2t7Rd/faIko4Ji0csYh3PSQIoyFpSSoZ6cacoMBjpOONLzK/c0u4oFF4IycxcQI0DKlPMZJKcvWDknkKG7AfIy4pYm4DnlxDVy8a5fNaxbIr0CgbRtW0zIxYVfvMhqZSMhTBAk1Xf+8PIpwEJJSYISF6phFLJ83exIxMC/1EkBjhMRqSnqIhCohw0tn2U3islAH0I64qlHCmfp9IUSDEJPBUZ4DkSPz2MvEvr5dIv+akNIwTSUI8/8hPGJQRzKKAA8oJlmyiCMKcql0hHiGOsFSBFVQIX5fC/0nbKptG2byyi/X6Io48OARHoARMUAV1cAmaoAUwuAMP4Ak8a/fao/aivc5bc9piZh/8gPb2Cbj4k3c=</latexit><latexit sha1_base64="glf4LsbcQgo2FiOvRoF810SrjtU=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSxCXViSGNq6K7hxU6hoH9CGMJlO2qGTBzMToYbir7hxoYhb/8Odf+OkraCiBy4czrl35t7jxYwKaRgfWm5peWV1Lb9e2Njc2t7Rd/faIko4Ji0csYh3PSQIoyFpSSoZ6cacoMBjpOONLzK/c0u4oFF4IycxcQI0DKlPMZJKcvWDknkKG7AfIy4pYm4DnlxDVy8a5fNaxbIr0CgbRtW0zIxYVfvMhqZSMhTBAk1Xf+8PIpwEJJSYISF6phFLJ83exIxMC/1EkBjhMRqSnqIhCohw0tn2U3islAH0I64qlHCmfp9IUSDEJPBUZ4DkSPz2MvEvr5dIv+akNIwTSUI8/8hPGJQRzKKAA8oJlmyiCMKcql0hHiGOsFSBFVQIX5fC/0nbKptG2byyi/X6Io48OARHoARMUAV1cAmaoAUwuAMP4Ak8a/fao/aivc5bc9piZh/8gPb2Cbj4k3c=</latexit>

(1�M@M )S̃
<latexit sha1_base64="u/BNJt+vM4xdzU9GZVMA3vndFUE=">AAACBHicdVDLSgMxFM3UV62vqstugkWoC0tmLG3dFdy4KVS0D+gMQyZN29DMgyQjlKELN/6KGxeKuPUj3Pk3ZtoKKnrgwuGce5N7jxdxJhVCH0ZmZXVtfSO7mdva3tndy+8fdGQYC0LbJOSh6HlYUs4C2lZMcdqLBMW+x2nXm1ykfveWCsnC4EZNI+r4eBSwISNYacnNF0rmKWxCO8JCMczdJjyxFeMDCq+hmy+i8nm9alWqEJURqpmWmRKrVjmrQFMrKYpgiZabf7cHIYl9GijCsZR9E0XKSdKnCaeznB1LGmEywSPa1zTAPpVOMj9iBo+1MoDDUOgKFJyr3ycS7Es59T3d6WM1lr+9VPzL68dqWHcSFkSxogFZfDSMOVQhTBOBAyYoUXyqCSaC6V0hGWOBidK55XQIX5fC/0nHKpuobF5Vio3GMo4sKIAjUAImqIEGuAQt0AYE3IEH8ASejXvj0XgxXhetGWM5cwh+wHj7BM+Ylks=</latexit><latexit sha1_base64="u/BNJt+vM4xdzU9GZVMA3vndFUE=">AAACBHicdVDLSgMxFM3UV62vqstugkWoC0tmLG3dFdy4KVS0D+gMQyZN29DMgyQjlKELN/6KGxeKuPUj3Pk3ZtoKKnrgwuGce5N7jxdxJhVCH0ZmZXVtfSO7mdva3tndy+8fdGQYC0LbJOSh6HlYUs4C2lZMcdqLBMW+x2nXm1ykfveWCsnC4EZNI+r4eBSwISNYacnNF0rmKWxCO8JCMczdJjyxFeMDCq+hmy+i8nm9alWqEJURqpmWmRKrVjmrQFMrKYpgiZabf7cHIYl9GijCsZR9E0XKSdKnCaeznB1LGmEywSPa1zTAPpVOMj9iBo+1MoDDUOgKFJyr3ycS7Es59T3d6WM1lr+9VPzL68dqWHcSFkSxogFZfDSMOVQhTBOBAyYoUXyqCSaC6V0hGWOBidK55XQIX5fC/0nHKpuobF5Vio3GMo4sKIAjUAImqIEGuAQt0AYE3IEH8ASejXvj0XgxXhetGWM5cwh+wHj7BM+Ylks=</latexit><latexit sha1_base64="u/BNJt+vM4xdzU9GZVMA3vndFUE=">AAACBHicdVDLSgMxFM3UV62vqstugkWoC0tmLG3dFdy4KVS0D+gMQyZN29DMgyQjlKELN/6KGxeKuPUj3Pk3ZtoKKnrgwuGce5N7jxdxJhVCH0ZmZXVtfSO7mdva3tndy+8fdGQYC0LbJOSh6HlYUs4C2lZMcdqLBMW+x2nXm1ykfveWCsnC4EZNI+r4eBSwISNYacnNF0rmKWxCO8JCMczdJjyxFeMDCq+hmy+i8nm9alWqEJURqpmWmRKrVjmrQFMrKYpgiZabf7cHIYl9GijCsZR9E0XKSdKnCaeznB1LGmEywSPa1zTAPpVOMj9iBo+1MoDDUOgKFJyr3ycS7Es59T3d6WM1lr+9VPzL68dqWHcSFkSxogFZfDSMOVQhTBOBAyYoUXyqCSaC6V0hGWOBidK55XQIX5fC/0nHKpuobF5Vio3GMo4sKIAjUAImqIEGuAQt0AYE3IEH8ASejXvj0XgxXhetGWM5cwh+wHj7BM+Ylks=</latexit><latexit sha1_base64="u/BNJt+vM4xdzU9GZVMA3vndFUE=">AAACBHicdVDLSgMxFM3UV62vqstugkWoC0tmLG3dFdy4KVS0D+gMQyZN29DMgyQjlKELN/6KGxeKuPUj3Pk3ZtoKKnrgwuGce5N7jxdxJhVCH0ZmZXVtfSO7mdva3tndy+8fdGQYC0LbJOSh6HlYUs4C2lZMcdqLBMW+x2nXm1ykfveWCsnC4EZNI+r4eBSwISNYacnNF0rmKWxCO8JCMczdJjyxFeMDCq+hmy+i8nm9alWqEJURqpmWmRKrVjmrQFMrKYpgiZabf7cHIYl9GijCsZR9E0XKSdKnCaeznB1LGmEywSPa1zTAPpVOMj9iBo+1MoDDUOgKFJyr3ycS7Es59T3d6WM1lr+9VPzL68dqWHcSFkSxogFZfDSMOVQhTBOBAyYoUXyqCSaC6V0hGWOBidK55XQIX5fC/0nHKpuobF5Vio3GMo4sKIAjUAImqIEGuAQt0AYE3IEH8ASejXvj0XgxXhetGWM5cwh+wHj7BM+Ylks=</latexit>



M@M�S
<latexit sha1_base64="WwXDU3RalXrKfjAntTz8exSuKMY=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCq5DE0NZdQRduChXtA5oQJtNJO3TyYGYi1FL8FTcuFHHrf7jzb5y0FVT0wIXDOffO3HuClFEhTfNDKywtr6yuFddLG5tb2zv67l5bJBnHpIUTlvBugARhNCYtSSUj3ZQTFAWMdILRee53bgkXNIlv5DglXoQGMQ0pRlJJvn7QcFPEJUXMb0D3gjCJ4LWvl03jrFaxnQo0DdOsWraVE7vqnDrQUkqOMlig6evvbj/BWURiiRkSomeZqfQm+cOYkWnJzQRJER6hAekpGqOICG8y234Kj5XSh2HCVcUSztTvExMUCTGOAtUZITkUv71c/MvrZTKseRMap5kkMZ5/FGYMygTmUcA+5QRLNlYEYU7VrhAPEUdYqsBKKoSvS+H/pG0blmlYV065Xl/EUQSH4AicAAtUQR1cgiZoAQzuwAN4As/avfaovWiv89aCtpjZBz+gvX0C0saUzg==</latexit><latexit sha1_base64="WwXDU3RalXrKfjAntTz8exSuKMY=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCq5DE0NZdQRduChXtA5oQJtNJO3TyYGYi1FL8FTcuFHHrf7jzb5y0FVT0wIXDOffO3HuClFEhTfNDKywtr6yuFddLG5tb2zv67l5bJBnHpIUTlvBugARhNCYtSSUj3ZQTFAWMdILRee53bgkXNIlv5DglXoQGMQ0pRlJJvn7QcFPEJUXMb0D3gjCJ4LWvl03jrFaxnQo0DdOsWraVE7vqnDrQUkqOMlig6evvbj/BWURiiRkSomeZqfQm+cOYkWnJzQRJER6hAekpGqOICG8y234Kj5XSh2HCVcUSztTvExMUCTGOAtUZITkUv71c/MvrZTKseRMap5kkMZ5/FGYMygTmUcA+5QRLNlYEYU7VrhAPEUdYqsBKKoSvS+H/pG0blmlYV065Xl/EUQSH4AicAAtUQR1cgiZoAQzuwAN4As/avfaovWiv89aCtpjZBz+gvX0C0saUzg==</latexit><latexit sha1_base64="WwXDU3RalXrKfjAntTz8exSuKMY=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCq5DE0NZdQRduChXtA5oQJtNJO3TyYGYi1FL8FTcuFHHrf7jzb5y0FVT0wIXDOffO3HuClFEhTfNDKywtr6yuFddLG5tb2zv67l5bJBnHpIUTlvBugARhNCYtSSUj3ZQTFAWMdILRee53bgkXNIlv5DglXoQGMQ0pRlJJvn7QcFPEJUXMb0D3gjCJ4LWvl03jrFaxnQo0DdOsWraVE7vqnDrQUkqOMlig6evvbj/BWURiiRkSomeZqfQm+cOYkWnJzQRJER6hAekpGqOICG8y234Kj5XSh2HCVcUSztTvExMUCTGOAtUZITkUv71c/MvrZTKseRMap5kkMZ5/FGYMygTmUcA+5QRLNlYEYU7VrhAPEUdYqsBKKoSvS+H/pG0blmlYV065Xl/EUQSH4AicAAtUQR1cgiZoAQzuwAN4As/avfaovWiv89aCtpjZBz+gvX0C0saUzg==</latexit><latexit sha1_base64="WwXDU3RalXrKfjAntTz8exSuKMY=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCq5DE0NZdQRduChXtA5oQJtNJO3TyYGYi1FL8FTcuFHHrf7jzb5y0FVT0wIXDOffO3HuClFEhTfNDKywtr6yuFddLG5tb2zv67l5bJBnHpIUTlvBugARhNCYtSSUj3ZQTFAWMdILRee53bgkXNIlv5DglXoQGMQ0pRlJJvn7QcFPEJUXMb0D3gjCJ4LWvl03jrFaxnQo0DdOsWraVE7vqnDrQUkqOMlig6evvbj/BWURiiRkSomeZqfQm+cOYkWnJzQRJER6hAekpGqOICG8y234Kj5XSh2HCVcUSztTvExMUCTGOAtUZITkUv71c/MvrZTKseRMap5kkMZ5/FGYMygTmUcA+5QRLNlYEYU7VrhAPEUdYqsBKKoSvS+H/pG0blmlYV065Xl/EUQSH4AicAAtUQR1cgiZoAQzuwAN4As/avfaovWiv89aCtpjZBz+gvX0C0saUzg==</latexit>

The free energy inequality can be written as:

logZ(�) > log Z̃(�) = (1 +��@�̃) log Z̃(�̃)
<latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit><latexit sha1_base64="+XuTOPBQfBrNxvx40k9l/4Z5kI4="></latexit>

= log Z̃(�̃)�M��
<latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit><latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit><latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit><latexit sha1_base64="hgWQ/ATI1PWl1v8cGhGKL8azJI0=">AAACFnicbZC7SgNBFIZnvcZ4i1raDAYhFgm7ImgjBLRII0QwF8yGMDs5SYbMXpg5K4SQp7DxVWwsFLEVO9/GyWYLTfxh4OM/53Dm/F4khUbb/raWlldW19YzG9nNre2d3dzefl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84dW03ngApUUY3OEogrbP+oHoCc7QWJ1c8ZK6MuxTF4XsAr0vzMD1ANkJLdIb6l6DREYTp5PL2yU7EV0EJ4U8SVXt5L7cbshjHwLkkmndcuwI22OmUHAJk6wba4gYH7I+tAwGzAfdHidnTeixcbq0FyrzAqSJ+3tizHytR75nOn2GAz1fm5r/1Vox9i7aYxFEMULAZ4t6saQY0mlGtCsUcJQjA4wrYf5K+YApxtEkmTUhOPMnL0L9tOTYJef2LF+upHFkyCE5IgXikHNSJhVSJTXCySN5Jq/kzXqyXqx362PWumSlMwfkj6zPH/yZnWU=</latexit>

This implies that classical black hole entropy 
from heavy states at fixed      and     satisfies:

(1�M@M )S
<latexit sha1_base64="glf4LsbcQgo2FiOvRoF810SrjtU=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSxCXViSGNq6K7hxU6hoH9CGMJlO2qGTBzMToYbir7hxoYhb/8Odf+OkraCiBy4czrl35t7jxYwKaRgfWm5peWV1Lb9e2Njc2t7Rd/faIko4Ji0csYh3PSQIoyFpSSoZ6cacoMBjpOONLzK/c0u4oFF4IycxcQI0DKlPMZJKcvWDknkKG7AfIy4pYm4DnlxDVy8a5fNaxbIr0CgbRtW0zIxYVfvMhqZSMhTBAk1Xf+8PIpwEJJSYISF6phFLJ83exIxMC/1EkBjhMRqSnqIhCohw0tn2U3islAH0I64qlHCmfp9IUSDEJPBUZ4DkSPz2MvEvr5dIv+akNIwTSUI8/8hPGJQRzKKAA8oJlmyiCMKcql0hHiGOsFSBFVQIX5fC/0nbKptG2byyi/X6Io48OARHoARMUAV1cAmaoAUwuAMP4Ak8a/fao/aivc5bc9piZh/8gPb2Cbj4k3c=</latexit><latexit sha1_base64="glf4LsbcQgo2FiOvRoF810SrjtU=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSxCXViSGNq6K7hxU6hoH9CGMJlO2qGTBzMToYbir7hxoYhb/8Odf+OkraCiBy4czrl35t7jxYwKaRgfWm5peWV1Lb9e2Njc2t7Rd/faIko4Ji0csYh3PSQIoyFpSSoZ6cacoMBjpOONLzK/c0u4oFF4IycxcQI0DKlPMZJKcvWDknkKG7AfIy4pYm4DnlxDVy8a5fNaxbIr0CgbRtW0zIxYVfvMhqZSMhTBAk1Xf+8PIpwEJJSYISF6phFLJ83exIxMC/1EkBjhMRqSnqIhCohw0tn2U3islAH0I64qlHCmfp9IUSDEJPBUZ4DkSPz2MvEvr5dIv+akNIwTSUI8/8hPGJQRzKKAA8oJlmyiCMKcql0hHiGOsFSBFVQIX5fC/0nbKptG2byyi/X6Io48OARHoARMUAV1cAmaoAUwuAMP4Ak8a/fao/aivc5bc9piZh/8gPb2Cbj4k3c=</latexit><latexit sha1_base64="glf4LsbcQgo2FiOvRoF810SrjtU=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSxCXViSGNq6K7hxU6hoH9CGMJlO2qGTBzMToYbir7hxoYhb/8Odf+OkraCiBy4czrl35t7jxYwKaRgfWm5peWV1Lb9e2Njc2t7Rd/faIko4Ji0csYh3PSQIoyFpSSoZ6cacoMBjpOONLzK/c0u4oFF4IycxcQI0DKlPMZJKcvWDknkKG7AfIy4pYm4DnlxDVy8a5fNaxbIr0CgbRtW0zIxYVfvMhqZSMhTBAk1Xf+8PIpwEJJSYISF6phFLJ83exIxMC/1EkBjhMRqSnqIhCohw0tn2U3islAH0I64qlHCmfp9IUSDEJPBUZ4DkSPz2MvEvr5dIv+akNIwTSUI8/8hPGJQRzKKAA8oJlmyiCMKcql0hHiGOsFSBFVQIX5fC/0nbKptG2byyi/X6Io48OARHoARMUAV1cAmaoAUwuAMP4Ak8a/fao/aivc5bc9piZh/8gPb2Cbj4k3c=</latexit><latexit sha1_base64="glf4LsbcQgo2FiOvRoF810SrjtU=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSxCXViSGNq6K7hxU6hoH9CGMJlO2qGTBzMToYbir7hxoYhb/8Odf+OkraCiBy4czrl35t7jxYwKaRgfWm5peWV1Lb9e2Njc2t7Rd/faIko4Ji0csYh3PSQIoyFpSSoZ6cacoMBjpOONLzK/c0u4oFF4IycxcQI0DKlPMZJKcvWDknkKG7AfIy4pYm4DnlxDVy8a5fNaxbIr0CgbRtW0zIxYVfvMhqZSMhTBAk1Xf+8PIpwEJJSYISF6phFLJ83exIxMC/1EkBjhMRqSnqIhCohw0tn2U3islAH0I64qlHCmfp9IUSDEJPBUZ4DkSPz2MvEvr5dIv+akNIwTSUI8/8hPGJQRzKKAA8oJlmyiCMKcql0hHiGOsFSBFVQIX5fC/0nbKptG2byyi/X6Io48OARHoARMUAV1cAmaoAUwuAMP4Ak8a/fao/aivc5bc9piZh/8gPb2Cbj4k3c=</latexit>

(1�M@M )S̃
<latexit sha1_base64="u/BNJt+vM4xdzU9GZVMA3vndFUE=">AAACBHicdVDLSgMxFM3UV62vqstugkWoC0tmLG3dFdy4KVS0D+gMQyZN29DMgyQjlKELN/6KGxeKuPUj3Pk3ZtoKKnrgwuGce5N7jxdxJhVCH0ZmZXVtfSO7mdva3tndy+8fdGQYC0LbJOSh6HlYUs4C2lZMcdqLBMW+x2nXm1ykfveWCsnC4EZNI+r4eBSwISNYacnNF0rmKWxCO8JCMczdJjyxFeMDCq+hmy+i8nm9alWqEJURqpmWmRKrVjmrQFMrKYpgiZabf7cHIYl9GijCsZR9E0XKSdKnCaeznB1LGmEywSPa1zTAPpVOMj9iBo+1MoDDUOgKFJyr3ycS7Es59T3d6WM1lr+9VPzL68dqWHcSFkSxogFZfDSMOVQhTBOBAyYoUXyqCSaC6V0hGWOBidK55XQIX5fC/0nHKpuobF5Vio3GMo4sKIAjUAImqIEGuAQt0AYE3IEH8ASejXvj0XgxXhetGWM5cwh+wHj7BM+Ylks=</latexit><latexit sha1_base64="u/BNJt+vM4xdzU9GZVMA3vndFUE=">AAACBHicdVDLSgMxFM3UV62vqstugkWoC0tmLG3dFdy4KVS0D+gMQyZN29DMgyQjlKELN/6KGxeKuPUj3Pk3ZtoKKnrgwuGce5N7jxdxJhVCH0ZmZXVtfSO7mdva3tndy+8fdGQYC0LbJOSh6HlYUs4C2lZMcdqLBMW+x2nXm1ykfveWCsnC4EZNI+r4eBSwISNYacnNF0rmKWxCO8JCMczdJjyxFeMDCq+hmy+i8nm9alWqEJURqpmWmRKrVjmrQFMrKYpgiZabf7cHIYl9GijCsZR9E0XKSdKnCaeznB1LGmEywSPa1zTAPpVOMj9iBo+1MoDDUOgKFJyr3ycS7Es59T3d6WM1lr+9VPzL68dqWHcSFkSxogFZfDSMOVQhTBOBAyYoUXyqCSaC6V0hGWOBidK55XQIX5fC/0nHKpuobF5Vio3GMo4sKIAjUAImqIEGuAQt0AYE3IEH8ASejXvj0XgxXhetGWM5cwh+wHj7BM+Ylks=</latexit><latexit sha1_base64="u/BNJt+vM4xdzU9GZVMA3vndFUE=">AAACBHicdVDLSgMxFM3UV62vqstugkWoC0tmLG3dFdy4KVS0D+gMQyZN29DMgyQjlKELN/6KGxeKuPUj3Pk3ZtoKKnrgwuGce5N7jxdxJhVCH0ZmZXVtfSO7mdva3tndy+8fdGQYC0LbJOSh6HlYUs4C2lZMcdqLBMW+x2nXm1ykfveWCsnC4EZNI+r4eBSwISNYacnNF0rmKWxCO8JCMczdJjyxFeMDCq+hmy+i8nm9alWqEJURqpmWmRKrVjmrQFMrKYpgiZabf7cHIYl9GijCsZR9E0XKSdKnCaeznB1LGmEywSPa1zTAPpVOMj9iBo+1MoDDUOgKFJyr3ycS7Es59T3d6WM1lr+9VPzL68dqWHcSFkSxogFZfDSMOVQhTBOBAyYoUXyqCSaC6V0hGWOBidK55XQIX5fC/0nHKpuobF5Vio3GMo4sKIAjUAImqIEGuAQt0AYE3IEH8ASejXvj0XgxXhetGWM5cwh+wHj7BM+Ylks=</latexit><latexit sha1_base64="u/BNJt+vM4xdzU9GZVMA3vndFUE=">AAACBHicdVDLSgMxFM3UV62vqstugkWoC0tmLG3dFdy4KVS0D+gMQyZN29DMgyQjlKELN/6KGxeKuPUj3Pk3ZtoKKnrgwuGce5N7jxdxJhVCH0ZmZXVtfSO7mdva3tndy+8fdGQYC0LbJOSh6HlYUs4C2lZMcdqLBMW+x2nXm1ykfveWCsnC4EZNI+r4eBSwISNYacnNF0rmKWxCO8JCMczdJjyxFeMDCq+hmy+i8nm9alWqEJURqpmWmRKrVjmrQFMrKYpgiZabf7cHIYl9GijCsZR9E0XKSdKnCaeznB1LGmEywSPa1zTAPpVOMj9iBo+1MoDDUOgKFJyr3ycS7Es59T3d6WM1lr+9VPzL68dqWHcSFkSxogFZfDSMOVQhTBOBAyYoUXyqCSaC6V0hGWOBidK55XQIX5fC/0nHKpuobF5Vio3GMo4sKIAjUAImqIEGuAQt0AYE3IEH8ASejXvj0XgxXhetGWM5cwh+wHj7BM+Ylks=</latexit>

�S > 0
<latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit><latexit sha1_base64="uCm43Nbba+1YHwP83egqMn9j5kI=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCWlhYRDQfkDvC3maSLNnbO3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRcmgmvjut9OYWV1bX2juFna2t7Z3SvvHzR1nCqGDRaLWLVDqlFwiQ3DjcB2opBGocBWOLqe+q0nVJrH8tGMEwwiOpC8zxk1VvL9GxSGkgdyRdxuueJW3RnIMvFyUoEc9W75y+/FLI1QGiao1h3PTUyQUWU4Ezgp+anGhLIRHWDHUkkj1EE2u3lCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ud1UtO/DDIuk9SgZPNF/VQQE5NpAKTHFTIjxpZQpri9lbAhVZQZG1PJhuAtvrxMmmdVz6169+eV2l0eRxGO4BhOwYMLqMEt1KEBDBJ4hld4c1LnxXl3PuatBSefOYQ/cD5/AAf9kGM=</latexit>

M
<latexit sha1_base64="DdHeS7+q5K1jwR4IT+Jmpz9Tloo=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL70ILRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4up35rSdUmify3oxTDGI6kDzijBorNe965Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHFWyMqw==</latexit><latexit sha1_base64="DdHeS7+q5K1jwR4IT+Jmpz9Tloo=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL70ILRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4up35rSdUmify3oxTDGI6kDzijBorNe965Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHFWyMqw==</latexit><latexit sha1_base64="DdHeS7+q5K1jwR4IT+Jmpz9Tloo=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL70ILRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4up35rSdUmify3oxTDGI6kDzijBorNe965Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHFWyMqw==</latexit><latexit sha1_base64="DdHeS7+q5K1jwR4IT+Jmpz9Tloo=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL70ILRhbaEPZbCft2s0m7G6EUvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48etBJphj6LBGJaodUo+ASfcONwHaqkMahwFY4up35rSdUmify3oxTDGI6kDzijBorNe965Ypbdecgq8TLSQVyNHrlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzA+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2RC85ZdXiX9Rval6zctKrZ6nUYQTOIVz8OAKalCHBvjAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHFWyMqw==</latexit>

Q
<latexit sha1_base64="VxHaqfyjMuJSOZwIwFEew8ZM51M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gpccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LeTFIMYjqUPOKMGiu1Wv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9ptzWtdVeuNIo0SnMIZXIAH11CHBjTBBwYIz/AKb86j8+K8Ox+L1jWnmDmBP3A+fwAbeIyv</latexit><latexit sha1_base64="VxHaqfyjMuJSOZwIwFEew8ZM51M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gpccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LeTFIMYjqUPOKMGiu1Wv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9ptzWtdVeuNIo0SnMIZXIAH11CHBjTBBwYIz/AKb86j8+K8Ox+L1jWnmDmBP3A+fwAbeIyv</latexit><latexit sha1_base64="VxHaqfyjMuJSOZwIwFEew8ZM51M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gpccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LeTFIMYjqUPOKMGiu1Wv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9ptzWtdVeuNIo0SnMIZXIAH11CHBjTBBwYIz/AKb86j8+K8Ox+L1jWnmDmBP3A+fwAbeIyv</latexit><latexit sha1_base64="VxHaqfyjMuJSOZwIwFEew8ZM51M=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3gpccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LeTFIMYjqUPOKMGiu1Wv1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5oVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnXZMAVMiMmllCmuL2VsBFVlBmbTdmG4C2/vEr8y9ptzWtdVeuNIo0SnMIZXIAH11CHBjTBBwYIz/AKb86j8+K8Ox+L1jWnmDmBP3A+fwAbeIyv</latexit>



Corollary:  each correction from a heavy 
field is positive, yielding a differential bound:

Integrating out states sequentially translates 
to extremizing over each field sequentially:

Z µ

⇤
dc0 = c0(µ) > 0

<latexit sha1_base64="hkpngZCJfovEVQO1bq/bovtNhQU=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqpUlipBSLCAKrF0YCgSfUhNiBzHba3aTmQ7SFXUL2DhV1gYQIiVmY2/wW0zQMuRLB+fe4+u7wkTRpV2nG+rsLK6tr5R3Cxtbe/s7tn7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1tN55IFLRWNzpcUJ8jgaC9ilG2kiBXfGo0IF3YxwRuvd4CiMcOBBeQnNVzfsEXkEnsMtOzZkBLhM3J2WQoxnYX14U45QToTFDSvVcJ9F+hqSmmJFJyUsVSRAeoQHpGSoQJ8rPZutMYMUoEezH0hyh4Uz97cgQV2rMQ9PJkR6qxdpU/K/WS3X/ws+oSFJNBJ4P6qcM6hhOs4ERlQRrNjYEYUnNXyEeIomwNgmWTAju4srLpH1ac52ae3tWrjfyOIrgCByDKnDBOaiDBmiCFsDgETyDV/BmPVkv1rv1MW8tWLnnEPyB9fkDOmyZpA==</latexit><latexit sha1_base64="hkpngZCJfovEVQO1bq/bovtNhQU=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqpUlipBSLCAKrF0YCgSfUhNiBzHba3aTmQ7SFXUL2DhV1gYQIiVmY2/wW0zQMuRLB+fe4+u7wkTRpV2nG+rsLK6tr5R3Cxtbe/s7tn7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1tN55IFLRWNzpcUJ8jgaC9ilG2kiBXfGo0IF3YxwRuvd4CiMcOBBeQnNVzfsEXkEnsMtOzZkBLhM3J2WQoxnYX14U45QToTFDSvVcJ9F+hqSmmJFJyUsVSRAeoQHpGSoQJ8rPZutMYMUoEezH0hyh4Uz97cgQV2rMQ9PJkR6qxdpU/K/WS3X/ws+oSFJNBJ4P6qcM6hhOs4ERlQRrNjYEYUnNXyEeIomwNgmWTAju4srLpH1ac52ae3tWrjfyOIrgCByDKnDBOaiDBmiCFsDgETyDV/BmPVkv1rv1MW8tWLnnEPyB9fkDOmyZpA==</latexit><latexit sha1_base64="hkpngZCJfovEVQO1bq/bovtNhQU=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqpUlipBSLCAKrF0YCgSfUhNiBzHba3aTmQ7SFXUL2DhV1gYQIiVmY2/wW0zQMuRLB+fe4+u7wkTRpV2nG+rsLK6tr5R3Cxtbe/s7tn7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1tN55IFLRWNzpcUJ8jgaC9ilG2kiBXfGo0IF3YxwRuvd4CiMcOBBeQnNVzfsEXkEnsMtOzZkBLhM3J2WQoxnYX14U45QToTFDSvVcJ9F+hqSmmJFJyUsVSRAeoQHpGSoQJ8rPZutMYMUoEezH0hyh4Uz97cgQV2rMQ9PJkR6qxdpU/K/WS3X/ws+oSFJNBJ4P6qcM6hhOs4ERlQRrNjYEYUnNXyEeIomwNgmWTAju4srLpH1ac52ae3tWrjfyOIrgCByDKnDBOaiDBmiCFsDgETyDV/BmPVkv1rv1MW8tWLnnEPyB9fkDOmyZpA==</latexit><latexit sha1_base64="hkpngZCJfovEVQO1bq/bovtNhQU=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqpUlipBSLCAKrF0YCgSfUhNiBzHba3aTmQ7SFXUL2DhV1gYQIiVmY2/wW0zQMuRLB+fe4+u7wkTRpV2nG+rsLK6tr5R3Cxtbe/s7tn7B20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wtH1tN55IFLRWNzpcUJ8jgaC9ilG2kiBXfGo0IF3YxwRuvd4CiMcOBBeQnNVzfsEXkEnsMtOzZkBLhM3J2WQoxnYX14U45QToTFDSvVcJ9F+hqSmmJFJyUsVSRAeoQHpGSoQJ8rPZutMYMUoEezH0hyh4Uz97cgQV2rMQ9PJkR6qxdpU/K/WS3X/ws+oSFJNBJ4P6qcM6hhOs4ERlQRrNjYEYUnNXyEeIomwNgmWTAju4srLpH1ac52ae3tWrjfyOIrgCByDKnDBOaiDBmiCFsDgETyDV/BmPVkv1rv1MW8tWLnnEPyB9fkDOmyZpA==</latexit>

dc0 > 0
<latexit sha1_base64="J13mDNlrtn6E60+cuhVmKgDbEuE=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KlkR9CQFLz1WsB/QLiWbzbah2WRNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBXcWIy/vbX1jc2t7dJOeXdv/+CwcnTcNirTlLWoEkp3Q2KY4JK1LLeCdVPNSBIK1gnHdzO/88S04Uo+2EnKgoQMJY85JdZJ3YgOMLpFeFCp4hqeA60SvyBVKNAcVL76kaJZwqSlghjT83Fqg5xoy6lg03I/MywldEyGrOeoJAkzQT6/d4rOnRKhWGlX0qK5+nsiJ4kxkyR0nQmxI7PszcT/vF5m45sg5zLNLJN0sSjOBLIKzZ5HEdeMWjFxhFDN3a2Ijogm1LqIyi4Ef/nlVdK+rPm45t9fVeuNIo4SnMIZXIAP11CHBjShBRQEPMMrvHmP3ov37n0sWte8YuYE/sD7/AFLfo7U</latexit><latexit sha1_base64="J13mDNlrtn6E60+cuhVmKgDbEuE=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KlkR9CQFLz1WsB/QLiWbzbah2WRNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBXcWIy/vbX1jc2t7dJOeXdv/+CwcnTcNirTlLWoEkp3Q2KY4JK1LLeCdVPNSBIK1gnHdzO/88S04Uo+2EnKgoQMJY85JdZJ3YgOMLpFeFCp4hqeA60SvyBVKNAcVL76kaJZwqSlghjT83Fqg5xoy6lg03I/MywldEyGrOeoJAkzQT6/d4rOnRKhWGlX0qK5+nsiJ4kxkyR0nQmxI7PszcT/vF5m45sg5zLNLJN0sSjOBLIKzZ5HEdeMWjFxhFDN3a2Ijogm1LqIyi4Ef/nlVdK+rPm45t9fVeuNIo4SnMIZXIAP11CHBjShBRQEPMMrvHmP3ov37n0sWte8YuYE/sD7/AFLfo7U</latexit><latexit sha1_base64="J13mDNlrtn6E60+cuhVmKgDbEuE=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KlkR9CQFLz1WsB/QLiWbzbah2WRNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBXcWIy/vbX1jc2t7dJOeXdv/+CwcnTcNirTlLWoEkp3Q2KY4JK1LLeCdVPNSBIK1gnHdzO/88S04Uo+2EnKgoQMJY85JdZJ3YgOMLpFeFCp4hqeA60SvyBVKNAcVL76kaJZwqSlghjT83Fqg5xoy6lg03I/MywldEyGrOeoJAkzQT6/d4rOnRKhWGlX0qK5+nsiJ4kxkyR0nQmxI7PszcT/vF5m45sg5zLNLJN0sSjOBLIKzZ5HEdeMWjFxhFDN3a2Ijogm1LqIyi4Ef/nlVdK+rPm45t9fVeuNIo4SnMIZXIAP11CHBjShBRQEPMMrvHmP3ov37n0sWte8YuYE/sD7/AFLfo7U</latexit><latexit sha1_base64="J13mDNlrtn6E60+cuhVmKgDbEuE=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KlkR9CQFLz1WsB/QLiWbzbah2WRNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBXcWIy/vbX1jc2t7dJOeXdv/+CwcnTcNirTlLWoEkp3Q2KY4JK1LLeCdVPNSBIK1gnHdzO/88S04Uo+2EnKgoQMJY85JdZJ3YgOMLpFeFCp4hqeA60SvyBVKNAcVL76kaJZwqSlghjT83Fqg5xoy6lg03I/MywldEyGrOeoJAkzQT6/d4rOnRKhWGlX0qK5+nsiJ4kxkyR0nQmxI7PszcT/vF5m45sg5zLNLJN0sSjOBLIKzZ5HEdeMWjFxhFDN3a2Ijogm1LqIyi4Ef/nlVdK+rPm45t9fVeuNIo4SnMIZXIAP11CHBjShBRQEPMMrvHmP3ov37n0sWte8YuYE/sD7/AFLfo7U</latexit>



conclusions



• WGC violation might be visible in low 
energy pathologies of the effective action 
for photons and gravitons.

• Small black holes automatically fulfill the 
WGC if the entropy shift from higher 
dimension operators is positive.

• The classical entropy shift from tree-
level heavy particle exchange is positive 
via a simple thermodynamic proof.



thank you!


