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<latexit sha1_base64="ZGzleVuyEfg97uqonGWFmSq8JLA=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZLYR4qbohuXFewDmlAm00k7dCaJM5NCCf0ONy4UcevHuPNvnD4EFT1w4XDOvdx7T5AwKpVlfRi5tfWNza38dmFnd2//oHh41JZxKjBp4ZjFohsgSRiNSEtRxUg3EQTxgJFOML6e+50JEZLG0Z2aJsTnaBjRkGKktOTbluVdZp7gEPNZv1iyTNdxyhUHWma1Vq7XbU3ci4pbr0HbtBYogRWa/eK7N4hxykmkMENS9mwrUX6GhKKYkVnBSyVJEB6jIelpGiFOpJ8tjp7BM60MYBgLXZGCC/X7RIa4lFMe6E6O1Ej+9ubiX14vVaHrZzRKUkUivFwUpgyqGM4TgAMqCFZsqgnCgupbIR4hgbDSORV0CF+fwv9J2zHtqlm5LZcaV6s48uAEnIJzYIMaaIAb0AQtgME9eABP4NmYGI/Gi/G6bM0Zq5lj8APG2ycWDZG0</latexit>

100 cm

<latexit sha1_base64="m7JVXo2DXdXCKr8eixXW7bwdISs=">AAAB+nicdVDLSsNAFJ3UV62vVpduBovgKiSxjxQ3RTcuK9gHNLFMptN26EwSZiZKif0UNy4UceuXuPNvnD4EFT1w4XDOvdx7TxAzKpVlfRiZldW19Y3sZm5re2d3L1/Yb8koEZg0ccQi0QmQJIyGpKmoYqQTC4J4wEg7GF/M/PYtEZJG4bWaxMTnaBjSAcVIaamXL9jWTeq4U+8s9QSHmE97+aJluo5TKjvQMivVUq1ma+Kelt1aFdqmNUcRLNHo5d+9foQTTkKFGZKya1ux8lMkFMWMTHNeIkmM8BgNSVfTEHEi/XR++hQea6UPB5HQFSo4V79PpIhLOeGB7uRIjeRvbyb+5XUTNXD9lIZxokiIF4sGCYMqgrMcYJ8KghWbaIKwoPpWiEdIIKx0Wjkdwten8H/Scky7YpavSsX6+TKOLDgER+AE2KAK6uASNEATYHAHHsATeDbujUfjxXhdtGaM5cwB+AHj7ROVEpOd</latexit>

1028 cm
<latexit sha1_base64="nZrQ9XU/WVF4WOW7rM+vcaM5OcM=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgxpDUPnFTdOOygn1AE8tkOm2HziRhZiKWkF9x40IRt/6IO//G6UNQ0QMXDufcy733+BGjUtn2h5FZWV1b38hu5ra2d3b3zP18W4axwKSFQxaKro8kYTQgLUUVI91IEMR9Rjr+5HLmd+6IkDQMbtQ0Ih5Ho4AOKUZKS30z79i3yalTTd3zxBUcYp72zYJt1YrFUrkIbatSLdXrjia1s3KtXoWOZc9RAEs0++a7OwhxzEmgMENS9hw7Ul6ChKKYkTTnxpJECE/QiPQ0DRAn0kvmt6fwWCsDOAyFrkDBufp9IkFcyin3dSdHaix/ezPxL68Xq2HNS2gQxYoEeLFoGDOoQjgLAg6oIFixqSYIC6pvhXiMBMJKx5XTIXx9Cv8n7aLlVKzydanQuFjGkQWH4AicAAdUQQNcgSZoAQzuwQN4As9GajwaL8brojVjLGcOwA8Yb5/+zZPS</latexit>

10�17 cm
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+GENERAL RELATIVITY



TODAY

<latexit sha1_base64="a8EP43VjimvIFedhUChdqTnmKXg="></latexit>
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<latexit sha1_base64="dzkWH+QhDAR1U1+hkeVqLndSHOc="></latexit>
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<latexit sha1_base64="aw1JYMJkq1kh9pKXXgK1cUTnNAc="></latexit>
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<latexit sha1_base64="SoEiZw/PggcQwbz+SP13qwm6wGg=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0UQhJKILwSh6MIuXFSwD2lDmEwn7dDJJMxMhBL6L278FTculOLGhf/ipM2iDw8MnHPuvcy9x4sYlcqyfozc0vLK6lp+vbCxubW9Y+7u1WUYC0xqOGShaHpIEkY5qSmqGGlGgqDAY6Th9e/SeuOFCElD/qQGEXEC1OXUpxgpbbnmNWwHSPUwYsnD8GZauPfwZEY/z8qKaxatkjUGXCR2RoogQ9U1R+1OiOOAcIUZkrJlW5FyEiQUxYwMC+1YkgjhPuqSlqYcBUQ6yfjGITzSTgf6odCPKzh2pycSFEg5CDzdmS4p52up+V+tFSv/ykkoj2JFOJ585McMqhCmgcEOFQQrNtAEYUH1rhD3kEBY6VgLOgR7/uRFUj8t2Rel88ezYvk2iyMPDsAhOAY2uARlUAFVUAMYvIJ38Am+jDfjwxgZ35PWnJHN7IMZGL9/URGkGQ==</latexit>

L = LG + LY + LH



TODAY

<latexit sha1_base64="Tipq7wWH0rVnivncBsrfVdGuCpc=">AAACIHicbZDLSgMxFIYzXmu9VV26CRbBVZnUXnQhFN24rGAv0NaSSU/bYDIzJBmhDH0UN76KGxeK6E6fxvQiausPgZ/vnMPJ+b1QcG1c98NZWFxaXllNrCXXNza3tlM7u1UdRIpBhQUiUHWPahDch4rhRkA9VEClJ6Dm3V6M6rU7UJoH/rUZhNCStOfzLmfUWNROFWkbbuKmktj0IVCD4ZmbcV1C8qeFfJackELuuBlKPII/KhZy7VT6m+F5Q6YmjaYqt1PvzU7AIgm+YYJq3SBuaFoxVYYzAcNkM9IQUnZLe9Cw1qcSdCseHzjEh5Z0cDdQ9vkGj+nviZhKrQfSs52Smr6erY3gf7VGZLonrZj7YWTAZ5NF3UhgE+BRWrjDFTAjBtZQprj9K2Z9qigzNtOkDYHMnjxvqtkMKWTyV7l06XwaRwLtowN0hAgqohK6RGVUQQzdo0f0jF6cB+fJeXXeJq0LznRmD/2R8/kFgyGdgw==</latexit>

atheorye = 0.001159652181643± 0.000000000000764



TODAY

<latexit sha1_base64="Tipq7wWH0rVnivncBsrfVdGuCpc=">AAACIHicbZDLSgMxFIYzXmu9VV26CRbBVZnUXnQhFN24rGAv0NaSSU/bYDIzJBmhDH0UN76KGxeK6E6fxvQiausPgZ/vnMPJ+b1QcG1c98NZWFxaXllNrCXXNza3tlM7u1UdRIpBhQUiUHWPahDch4rhRkA9VEClJ6Dm3V6M6rU7UJoH/rUZhNCStOfzLmfUWNROFWkbbuKmktj0IVCD4ZmbcV1C8qeFfJackELuuBlKPII/KhZy7VT6m+F5Q6YmjaYqt1PvzU7AIgm+YYJq3SBuaFoxVYYzAcNkM9IQUnZLe9Cw1qcSdCseHzjEh5Z0cDdQ9vkGj+nviZhKrQfSs52Smr6erY3gf7VGZLonrZj7YWTAZ5NF3UhgE+BRWrjDFTAjBtZQprj9K2Z9qigzNtOkDYHMnjxvqtkMKWTyV7l06XwaRwLtowN0hAgqohK6RGVUQQzdo0f0jF6cB+fJeXXeJq0LznRmD/2R8/kFgyGdgw==</latexit>

atheorye = 0.001159652181643± 0.000000000000764

<latexit sha1_base64="DOWthy3d4m0/IHaJvsM6aTirvjE=">AAACInicbZDLSgMxFIYz3q23UZdugkVwVSbV1nYhFN24VLCt0I4lk57a0GRmSDJiGfosbnwVNy4UdSX4MGa04vWHwM93zuHk/EEsuDae9+JMTE5Nz8zOzecWFpeWV9zVtYaOEsWgziIRqbOAahA8hLrhRsBZrIDKQEAzGBxm9eYlKM2j8NQMY/AlvQh5jzNqLOq4VdqB87StJIarGBSXEJrRvlfwPEJK1XKpSCpeqdqOJc7Yl8hOx81/IvzXkLHJo7GOO+5TuxuxJNvABNW6RbzY+ClVhjMBo1w70RBTNqAX0LI2pBK0n76fOMJblnRxL1L2hQa/0+8TKZVaD2VgOyU1ff27lsH/aq3E9Cp+ysM4MRCyj0W9RGAT4Swv3OUKmBFDayhT3P4Vsz5VlBmbas6GQH6f/Nc0igVSLpROdvO1g3Ecc2gDbaJtRNAeqqEjdIzqiKFrdIvu0YNz49w5j87zR+uEM55ZRz/kvL4B5Sae0A==</latexit>

aexperiment
e = 0.00115965218059± 0.00000000000013
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= 
Moving Up 
in Energy

Moving Forward  
in Time



1971
CERN ISR
62 GeV

CERN LHC
Today

13.6 TeV

E(Today)/E(1971) ~ 219
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TODAY





TODAY
<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH



<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV



<latexit sha1_base64="Vudsn2UCDHDkNCMFqJrHIP2o4ic=">AAACHHicbVDJSgNBFOxxjXGLevTSGAQvhhmNy0UI6sFDwAhmgcxkeNPpJE16Frp7hDDMh3jxV7x4UMSLB8G/sbMcNLGgoah6xetXXsSZVKb5bczNLywuLWdWsqtr6xubua3tmgxjQWiVhDwUDQ8k5SygVcUUp41IUPA9Tute/2ro1x+okCwM7tUgoo4P3YB1GAGlJTd3bPugegR4Uk4vMMF2WWfb4Ca28HG1lraS4qF9TbmCFN+2xszN5c2COQKeJdaE5NEEFTf3abdDEvs0UISDlE3LjJSTgFCMcJpm7VjSCEgfurSpaQA+lU4yOi7F+1pp404o9AsUHqm/Ewn4Ug58T08OT5HT3lD8z2vGqnPuJCyIYkUDMl7UiTlWIR42hdtMUKL4QBMggum/YtIDAUTpPrO6BGv65FlSOypYp4WTu2K+dDmpI4N20R46QBY6QyV0gyqoigh6RM/oFb0ZT8aL8W58jEfnjElmB/2B8fUDnvKhFw==</latexit>

L = c⇤4��
UV O

�

PREDICTION

<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV



<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV

<latexit sha1_base64="Vudsn2UCDHDkNCMFqJrHIP2o4ic=">AAACHHicbVDJSgNBFOxxjXGLevTSGAQvhhmNy0UI6sFDwAhmgcxkeNPpJE16Frp7hDDMh3jxV7x4UMSLB8G/sbMcNLGgoah6xetXXsSZVKb5bczNLywuLWdWsqtr6xubua3tmgxjQWiVhDwUDQ8k5SygVcUUp41IUPA9Tute/2ro1x+okCwM7tUgoo4P3YB1GAGlJTd3bPugegR4Uk4vMMF2WWfb4Ca28HG1lraS4qF9TbmCFN+2xszN5c2COQKeJdaE5NEEFTf3abdDEvs0UISDlE3LjJSTgFCMcJpm7VjSCEgfurSpaQA+lU4yOi7F+1pp404o9AsUHqm/Ewn4Ug58T08OT5HT3lD8z2vGqnPuJCyIYkUDMl7UiTlWIR42hdtMUKL4QBMggum/YtIDAUTpPrO6BGv65FlSOypYp4WTu2K+dDmpI4N20R46QBY6QyV0gyqoigh6RM/oFb0ZT8aL8W58jEfnjElmB/2B8fUDnvKhFw==</latexit>

L = c⇤4��
UV O

�

<latexit sha1_base64="8ASci7Wwdt2s6BdvuMr24nHmI0I=">AAAB+XicbVDLSsNAFJ34rPUVdekmWARXJSm+NkJRF11WsA9oY5hMJ+3QmUmYuSmU0D9x40IRt/6JO//GaZuFth64cDjnXu69J0w40+C639bK6tr6xmZhq7i9s7u3bx8cNnWcKkIbJOaxaodYU84kbQADTtuJoliEnLbC4d3Ub42o0iyWjzBOqC9wX7KIEQxGCmy7e0854CATQe2pMrmpBHbJLbszOMvEy0kJ5agH9le3F5NUUAmEY607npuAn2EFjHA6KXZTTRNMhrhPO4ZKLKj2s9nlE+fUKD0nipUpCc5M/T2RYaH1WISmU2AY6EVvKv7ndVKIrv2MySQFKsl8UZRyB2JnGoPTY4oS4GNDMFHM3OqQAVaYgAmraELwFl9eJs1K2bssXzycl6q3eRwFdIxO0Bny0BWqohqqowYiaISe0St6szLrxXq3PuatK1Y+c4T+wPr8AaIkkwU=</latexit>

�m2
H

= 2

<latexit sha1_base64="FwnShQPYVgX70ZYA3J8kyOL5Spw=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoqXgtSBUsHhiKRtlKTRo7jtlbtJLIdpCrqwsKvsDCAECv/wMbf4LYZoOVIlo7OuUfX9wQJo1JZ1rdRWFpeWV0rrpc2Nre2d8zdvaaMU4GJg2MWi3aAJGE0Io6iipF2IgjiASOtYHgz8VsPREgaR/dqlBCPo35EexQjpSXfPOR+vVuFVxBD91bHQuRnruDQaY67Vd8sWxVrCrhI7JyUQY6Gb365YYxTTiKFGZKyY1uJ8jIkFMWMjEtuKkmC8BD1SUfTCHEivWx6xRgeayWEvVjoFyk4VX8nMsSlHPFAT3KkBnLem4j/eZ1U9S69jEZJqkiEZ4t6KYMqhpNKYEgFwYqNNEFYUP1XiAdIIKx0cSVdgj1/8iJpViv2eeXs7rRcu87rKIIDcAROgA0uQA3UQQM4AINH8AxewZvxZLwY78bHbLRg5Jl98AfG5w/0/5b7</latexit>

m2
H

= c⇤2
UV



<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV
<latexit sha1_base64="FwnShQPYVgX70ZYA3J8kyOL5Spw=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoqXgtSBUsHhiKRtlKTRo7jtlbtJLIdpCrqwsKvsDCAECv/wMbf4LYZoOVIlo7OuUfX9wQJo1JZ1rdRWFpeWV0rrpc2Nre2d8zdvaaMU4GJg2MWi3aAJGE0Io6iipF2IgjiASOtYHgz8VsPREgaR/dqlBCPo35EexQjpSXfPOR+vVuFVxBD91bHQuRnruDQaY67Vd8sWxVrCrhI7JyUQY6Gb365YYxTTiKFGZKyY1uJ8jIkFMWMjEtuKkmC8BD1SUfTCHEivWx6xRgeayWEvVjoFyk4VX8nMsSlHPFAT3KkBnLem4j/eZ1U9S69jEZJqkiEZ4t6KYMqhpNKYEgFwYqNNEFYUP1XiAdIIKx0cSVdgj1/8iJpViv2eeXs7rRcu87rKIIDcAROgA0uQA3UQQM4AINH8AxewZvxZLwY78bHbLRg5Jl98AfG5w/0/5b7</latexit>

m2
H

= c⇤2
UV

WE HAVE A CONTRADICTION
<latexit sha1_base64="CduA/l5UyUWa4DrXzm5Ay/Q+3aA=">AAACFnicbVC7TsMwFHV4lvIKMLJYVEgsVAniNVawdGAoEn1ITYgcx2mt2kmwHUQV5StY+BUWBhBiRWz8DW6bAVqOZOnonHt0fY+fMCqVZX0bc/MLi0vLpZXy6tr6xqa5td2ScSowaeKYxaLjI0kYjUhTUcVIJxEEcZ+Rtj+4HPnteyIkjaMbNUyIy1EvoiHFSGnJMw8deSdUhnPoXOlUgLzMERw2W1ro9SD3snp+O5bIQ5J7ZsWqWmPAWWIXpAIKNDzzywlinHISKcyQlF3bSpSbIaEoZiQvO6kkCcID1CNdTSPEiXSz8Vk53NdKAMNY6BcpOFZ/JzLEpRxyX09ypPpy2huJ/3ndVIXnbkajJFUkwpNFYcqgiuGoIxhQQbBiQ00QFlT/FeI+Eggr3WRZl2BPnzxLWkdV+7R6cn1cqV0UdZTALtgDB8AGZ6AG6qABmgCDR/AMXsGb8WS8GO/Gx2R0zigyO+APjM8fYsafhg==</latexit>p
c⇤UV � mexp

H



<latexit sha1_base64="FwnShQPYVgX70ZYA3J8kyOL5Spw=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoqXgtSBUsHhiKRtlKTRo7jtlbtJLIdpCrqwsKvsDCAECv/wMbf4LYZoOVIlo7OuUfX9wQJo1JZ1rdRWFpeWV0rrpc2Nre2d8zdvaaMU4GJg2MWi3aAJGE0Io6iipF2IgjiASOtYHgz8VsPREgaR/dqlBCPo35EexQjpSXfPOR+vVuFVxBD91bHQuRnruDQaY67Vd8sWxVrCrhI7JyUQY6Gb365YYxTTiKFGZKyY1uJ8jIkFMWMjEtuKkmC8BD1SUfTCHEivWx6xRgeayWEvVjoFyk4VX8nMsSlHPFAT3KkBnLem4j/eZ1U9S69jEZJqkiEZ4t6KYMqhpNKYEgFwYqNNEFYUP1XiAdIIKx0cSVdgj1/8iJpViv2eeXs7rRcu87rKIIDcAROgA0uQA3UQQM4AINH8AxewZvxZLwY78bHbLRg5Jl98AfG5w/0/5b7</latexit>

m2
H

= c⇤2
UV

WE HAVE A CONTRADICTION

All Possible Explanations Change Radically  
our outlook on Nature

<latexit sha1_base64="CduA/l5UyUWa4DrXzm5Ay/Q+3aA=">AAACFnicbVC7TsMwFHV4lvIKMLJYVEgsVAniNVawdGAoEn1ITYgcx2mt2kmwHUQV5StY+BUWBhBiRWz8DW6bAVqOZOnonHt0fY+fMCqVZX0bc/MLi0vLpZXy6tr6xqa5td2ScSowaeKYxaLjI0kYjUhTUcVIJxEEcZ+Rtj+4HPnteyIkjaMbNUyIy1EvoiHFSGnJMw8deSdUhnPoXOlUgLzMERw2W1ro9SD3snp+O5bIQ5J7ZsWqWmPAWWIXpAIKNDzzywlinHISKcyQlF3bSpSbIaEoZiQvO6kkCcID1CNdTSPEiXSz8Vk53NdKAMNY6BcpOFZ/JzLEpRxyX09ypPpy2huJ/3ndVIXnbkajJFUkwpNFYcqgiuGoIxhQQbBiQ00QFlT/FeI+Eggr3WRZl2BPnzxLWkdV+7R6cn1cqV0UdZTALtgDB8AGZ6AG6qABmgCDR/AMXsGb8WS8GO/Gx2R0zigyO+APjM8fYsafhg==</latexit>p
c⇤UV � mexp

H



1. SYMMETRY

<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV

<latexit sha1_base64="GGr29hjpY/YzQbO+0sLc538NLho=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjQsXFe1D2qFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXHLvCRLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw+uJ33qiSrNYPphRQn2B+5JFjGBjpcfurY2GuHffK1fcqjsFWiReTiqQo94rf3XDmKSCSkM41rrjuYnxM6wMI5yOS91U0wSTIe7TjqUSC6r9bLrwGB1ZJURRrOyTBk3V3xMZFlqPRGCTApuBnvcm4n9eJzXRpZ8xmaSGSjL7KEo5MjGaXI9CpigxfGQJJorZXREZYIWJsR2VbAne/MmLpHlS9c6rZ3enldpVXkcRDuAQjsGDC6jBDdShAQQEPMMrvDnKeXHenY9ZtODkM/vwB87nD2w3kC0=</latexit>

⇤S



1. SYMMETRY

<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV

<latexit sha1_base64="GGr29hjpY/YzQbO+0sLc538NLho=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjQsXFe1D2qFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXHLvCRLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw+uJ33qiSrNYPphRQn2B+5JFjGBjpcfurY2GuHffK1fcqjsFWiReTiqQo94rf3XDmKSCSkM41rrjuYnxM6wMI5yOS91U0wSTIe7TjqUSC6r9bLrwGB1ZJURRrOyTBk3V3xMZFlqPRGCTApuBnvcm4n9eJzXRpZ8xmaSGSjL7KEo5MjGaXI9CpigxfGQJJorZXREZYIWJsR2VbAne/MmLpHlS9c6rZ3enldpVXkcRDuAQjsGDC6jBDdShAQQEPMMrvDnKeXHenY9ZtODkM/vwB87nD2w3kC0=</latexit>

⇤S

(SUPERSYMMETRY OR  
SCALE INVARIANCE)

Many new particles



1. SYMMETRY

<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV

<latexit sha1_base64="GGr29hjpY/YzQbO+0sLc538NLho=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjQsXFe1D2qFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXHLvCRLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw+uJ33qiSrNYPphRQn2B+5JFjGBjpcfurY2GuHffK1fcqjsFWiReTiqQo94rf3XDmKSCSkM41rrjuYnxM6wMI5yOS91U0wSTIe7TjqUSC6r9bLrwGB1ZJURRrOyTBk3V3xMZFlqPRGCTApuBnvcm4n9eJzXRpZ8xmaSGSjL7KEo5MjGaXI9CpigxfGQJJorZXREZYIWJsR2VbAne/MmLpHlS9c6rZ3enldpVXkcRDuAQjsGDC6jBDdShAQQEPMMrvDnKeXHenY9ZtODkM/vwB87nD2w3kC0=</latexit>

⇤S

(NON-INVERTIBLE)
Connection to  

dualities  
in Statistical Mechanics



<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV

2. MULTIVERSE



<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV

2. MULTIVERSE

<latexit sha1_base64="IyfWiAo2j/HqEFl6ER+MG2nuLQ8=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoCMNMfW6EoghduKhgH9COQyaTtqHJzJBkhDL0i9z4K7oQVMStn2H6WGjbC7kczrmHm3v8mFGpbPvdyCwsLi2vZFdza+sbm1vm9k5NRonApIojFomGjyRhNCRVRRUjjVgQxH1G6n7veqjXH4mQNArvVT8mLkedkLYpRkpTnnnDvfJD8RLD1q02BchLW4LDam2gyQL2HHgEsVcc9WPdLcs6nDPqmXnbskcFZ4EzAXkwqYpnvraCCCechAozJGXTsWPlpkgoihkZ5FqJJDHCPdQhTQ1DxIl009G5A3igmQC2I6FfqOCI/etIEZeyz309yZHqymltSM7TmolqX7gpDeNEkRCPF7UTBlUEh9nBgAqCFetrgLCg+q8Qd5FAWOmEczoEZ/rkWVArWs6ZdXp3ki9dTeLIgj2wDwrAAeegBMqgAqoAgyfwAj7Ap/FsvBlfxvd4NGNMPLvgXxk/v+YApDQ=</latexit>

m2
H

= c⇤2
UV = (c1 + c2 + c3 + ...)⇤2

UV
<latexit sha1_base64="IyfWiAo2j/HqEFl6ER+MG2nuLQ8=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoCMNMfW6EoghduKhgH9COQyaTtqHJzJBkhDL0i9z4K7oQVMStn2H6WGjbC7kczrmHm3v8mFGpbPvdyCwsLi2vZFdza+sbm1vm9k5NRonApIojFomGjyRhNCRVRRUjjVgQxH1G6n7veqjXH4mQNArvVT8mLkedkLYpRkpTnnnDvfJD8RLD1q02BchLW4LDam2gyQL2HHgEsVcc9WPdLcs6nDPqmXnbskcFZ4EzAXkwqYpnvraCCCechAozJGXTsWPlpkgoihkZ5FqJJDHCPdQhTQ1DxIl009G5A3igmQC2I6FfqOCI/etIEZeyz309yZHqymltSM7TmolqX7gpDeNEkRCPF7UTBlUEh9nBgAqCFetrgLCg+q8Qd5FAWOmEczoEZ/rkWVArWs6ZdXp3ki9dTeLIgj2wDwrAAeegBMqgAqoAgyfwAj7Ap/FsvBlfxvd4NGNMPLvgXxk/v+YApDQ=</latexit>

m2
H

= c⇤2
UV = (c1 + c2 + c3 + ...)⇤2

UV



2. MULTIVERSE

<latexit sha1_base64="IyfWiAo2j/HqEFl6ER+MG2nuLQ8=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoCMNMfW6EoghduKhgH9COQyaTtqHJzJBkhDL0i9z4K7oQVMStn2H6WGjbC7kczrmHm3v8mFGpbPvdyCwsLi2vZFdza+sbm1vm9k5NRonApIojFomGjyRhNCRVRRUjjVgQxH1G6n7veqjXH4mQNArvVT8mLkedkLYpRkpTnnnDvfJD8RLD1q02BchLW4LDam2gyQL2HHgEsVcc9WPdLcs6nDPqmXnbskcFZ4EzAXkwqYpnvraCCCechAozJGXTsWPlpkgoihkZ5FqJJDHCPdQhTQ1DxIl009G5A3igmQC2I6FfqOCI/etIEZeyz309yZHqymltSM7TmolqX7gpDeNEkRCPF7UTBlUEh9nBgAqCFetrgLCg+q8Qd5FAWOmEczoEZ/rkWVArWs6ZdXp3ki9dTeLIgj2wDwrAAeegBMqgAqoAgyfwAj7Ap/FsvBlfxvd4NGNMPLvgXxk/v+YApDQ=</latexit>

m2
H

= c⇤2
UV = (c1 + c2 + c3 + ...)⇤2

UV
<latexit sha1_base64="IyfWiAo2j/HqEFl6ER+MG2nuLQ8=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoCMNMfW6EoghduKhgH9COQyaTtqHJzJBkhDL0i9z4K7oQVMStn2H6WGjbC7kczrmHm3v8mFGpbPvdyCwsLi2vZFdza+sbm1vm9k5NRonApIojFomGjyRhNCRVRRUjjVgQxH1G6n7veqjXH4mQNArvVT8mLkedkLYpRkpTnnnDvfJD8RLD1q02BchLW4LDam2gyQL2HHgEsVcc9WPdLcs6nDPqmXnbskcFZ4EzAXkwqYpnvraCCCechAozJGXTsWPlpkgoihkZ5FqJJDHCPdQhTQ1DxIl009G5A3igmQC2I6FfqOCI/etIEZeyz309yZHqymltSM7TmolqX7gpDeNEkRCPF7UTBlUEh9nBgAqCFetrgLCg+q8Qd5FAWOmEczoEZ/rkWVArWs6ZdXp3ki9dTeLIgj2wDwrAAeegBMqgAqoAgyfwAj7Ap/FsvBlfxvd4NGNMPLvgXxk/v+YApDQ=</latexit>

m2
H

= c⇤2
UV = (c1 + c2 + c3 + ...)⇤2

UV

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v <latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v



DynamicalAnthropic

Observers

Statistical

= measured Higgs mass



<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV

3. BREAKDOWN OF  
QUANTUM FIELD THEORY

<latexit sha1_base64="LFmxmYsPXrh/envj2FD/oJVHpc4=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsyIr2VREBcuWugLOsOQyaRtaJIZkoxSxn6KGxeKuPVL3Pk3pu0stPVA4HDOudybEyaMKu0431ZhZXVtfaO4Wdra3tnds8v7bRWnEpMWjlksuyFShFFBWppqRrqJJIiHjHTC0c3U7zwQqWgsmnqcEJ+jgaB9ipE2UmCXvXsTjlCQeZLDxm1zEtgVp+rMAJeJm5MKyFEP7C8vinHKidCYIaV6rpNoP0NSU8zIpOSliiQIj9CA9AwViBPlZ7PTJ/DYKBHsx9I8oeFM/T2RIa7UmIcmyZEeqkVvKv7n9VLdv/IzKpJUE4Hni/opgzqG0x5gRCXBmo0NQVhScyvEQyQR1qatkinBXfzyMmmfVt2L6nnjrFK7zusogkNwBE6ACy5BDdyBOmgBDB7BM3gFb9aT9WK9Wx/zaMHKZw7AH1ifP53kk5k=</latexit>

⇤QFT



<latexit sha1_base64="FwnShQPYVgX70ZYA3J8kyOL5Spw=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoqXgtSBUsHhiKRtlKTRo7jtlbtJLIdpCrqwsKvsDCAECv/wMbf4LYZoOVIlo7OuUfX9wQJo1JZ1rdRWFpeWV0rrpc2Nre2d8zdvaaMU4GJg2MWi3aAJGE0Io6iipF2IgjiASOtYHgz8VsPREgaR/dqlBCPo35EexQjpSXfPOR+vVuFVxBD91bHQuRnruDQaY67Vd8sWxVrCrhI7JyUQY6Gb365YYxTTiKFGZKyY1uJ8jIkFMWMjEtuKkmC8BD1SUfTCHEivWx6xRgeayWEvVjoFyk4VX8nMsSlHPFAT3KkBnLem4j/eZ1U9S69jEZJqkiEZ4t6KYMqhpNKYEgFwYqNNEFYUP1XiAdIIKx0cSVdgj1/8iJpViv2eeXs7rRcu87rKIIDcAROgA0uQA3UQQM4AINH8AxewZvxZLwY78bHbLRg5Jl98AfG5w/0/5b7</latexit>

m2
H

= c⇤2
UV

ASSUMPTION: 

You don’t need to know the mass of the proton 


to calculate the trajectory of a football 



In Quantum Field Theory: 

Systematic way of integrating out high energy degrees 

of freedom to obtain a simplified low energy theory

RENORMALIZATION

PRECISION CALCULATIONS QFT INSIGHTS FROM STRING THEORY

SYMMETRIES FROM COARSE GRAINING



<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV

3. BREAKDOWN OF  
QUANTUM FIELD THEORY 

(UV/IR Mixing)



<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV

3. BREAKDOWN OF  
QUANTUM FIELD THEORY 

(UV/IR Mixing)

CONCRETE EXAMPLE: 

Non-commutative spacetime

CHALLENGE: 

Write a model that does not break what we know


(i.e. Lorentz Symmetry)



QUANTUM MECHANICS: If you put a lot of energy in one point you will explore short distances

<latexit sha1_base64="cVdEwwqBCy0LNsRvfKitwTBmvaI=">AAACA3icbVC7TsMwFHXKq5RXgA0WiwqJqUoQr7GChYGhSPQhNVHluE5j1XaC7SBVUSQWfoWFAYRY+Qk2/ga3zQAtR7rS0Tn32veeIGFUacf5tkoLi0vLK+XVytr6xuaWvb3TUnEqMWnimMWyEyBFGBWkqalmpJNIgnjASDsYXo399gORisbiTo8S4nM0EDSkGGkj9ey9G+gpysk99EKJcOZFiiEV5VmS9+yqU3MmgPPELUgVFGj07C+vH+OUE6GxeUR1XSfRfoakppiRvOKliiQID9GAdA0ViBPlZ5MbcnholD4MY2lKaDhRf09kiCs14oHp5EhHatYbi/953VSHF35GRZJqIvD0ozBlUMdwHAjsU0mwZiNDEJbU7ApxhEwW2sRWMSG4syfPk9ZxzT2rnd6eVOuXRRxlsA8OwBFwwTmog2vQAE2AwSN4Bq/gzXqyXqx362PaWrKKmV3wB9bnD0dFl/c=</latexit>

L ' }
p



QUANTUM MECHANICS: If you put a lot of energy in one point you will explore short distances

<latexit sha1_base64="cVdEwwqBCy0LNsRvfKitwTBmvaI=">AAACA3icbVC7TsMwFHXKq5RXgA0WiwqJqUoQr7GChYGhSPQhNVHluE5j1XaC7SBVUSQWfoWFAYRY+Qk2/ga3zQAtR7rS0Tn32veeIGFUacf5tkoLi0vLK+XVytr6xuaWvb3TUnEqMWnimMWyEyBFGBWkqalmpJNIgnjASDsYXo399gORisbiTo8S4nM0EDSkGGkj9ey9G+gpysk99EKJcOZFiiEV5VmS9+yqU3MmgPPELUgVFGj07C+vH+OUE6GxeUR1XSfRfoakppiRvOKliiQID9GAdA0ViBPlZ5MbcnholD4MY2lKaDhRf09kiCs14oHp5EhHatYbi/953VSHF35GRZJqIvD0ozBlUMdwHAjsU0mwZiNDEJbU7ApxhEwW2sRWMSG4syfPk9ZxzT2rnd6eVOuXRRxlsA8OwBFwwTmog2vQAE2AwSN4Bq/gzXqyXqx362PaWrKKmV3wB9bnD0dFl/c=</latexit>

L ' }
p

GRAVITY: You cannot put a lot of energy in one point, you will make a big black hole (large distances)

<latexit sha1_base64="W3GJVeOCGWsXWdDRhNjMSDfn/8Q=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQRA8iEcwDkjXMTibJkJnZdWZWCUv+w4sHRbz6L978GyfJHjSxoKGo6qa7K4g408Z1v53M3PzC4lJ2Obeyura+kd/cquowVoRWSMhDVQ+wppxJWjHMcFqPFMUi4LQW9M9Hfu2RKs1CeWcGEfUF7krWYQQbK91fo6Zmgj6gy9YNumjlC27RHQPNEi8lBUhRbuW/mu2QxIJKQzjWuuG5kfETrAwjnA5zzVjTCJM+7tKGpRILqv1kfPUQ7VmljTqhsiUNGqu/JxIstB6IwHYKbHp62huJ/3mN2HRO/YTJKDZUksmiTsyRCdEoAtRmihLDB5Zgopi9FZEeVpgYG1TOhuBNvzxLqgdF77h4dHtYKJ2lcWRhB3ZhHzw4gRJcQRkqQEDBM7zCm/PkvDjvzsekNeOkM9vwB87nD9OmkXA=</latexit>

L ' GNE



1. SYMMETRY 

2. MULTIVERSE 

3. BREAKDOWN OF QFT

Simple and Clean Answer

20232012

PREDICTION: A future full  
of discoveries



1. SYMMETRY 

2. MULTIVERSE 

3. BREAKDOWN OF QFT

Speculative and not Fully Well-Defined

20232012

PREDICTION: A future full  
of uncertainty



1. SYMMETRY

<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV

<latexit sha1_base64="GGr29hjpY/YzQbO+0sLc538NLho=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjQsXFe1D2qFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXHLvCRLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw+uJ33qiSrNYPphRQn2B+5JFjGBjpcfurY2GuHffK1fcqjsFWiReTiqQo94rf3XDmKSCSkM41rrjuYnxM6wMI5yOS91U0wSTIe7TjqUSC6r9bLrwGB1ZJURRrOyTBk3V3xMZFlqPRGCTApuBnvcm4n9eJzXRpZ8xmaSGSjL7KEo5MjGaXI9CpigxfGQJJorZXREZYIWJsR2VbAne/MmLpHlS9c6rZ3enldpVXkcRDuAQjsGDC6jBDdShAQQEPMMrvDnKeXHenY9ZtODkM/vwB87nD2w3kC0=</latexit>

⇤S

Higgs Boson

Problem 1: We have 
not seen these 
symmetries yet



<latexit sha1_base64="782fX2pm6z5v3tAHal/gmz7pPYY=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6yTGiWSAZQk+nJ2nSy9DdI4Qhn+DFgyJe/SJv/o2dZA4afVDweK+KqnpRwpmxvv/lFVZW19Y3ipulre2d3b3y/kHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY1vZ377kWrDlHywk4SGAg8lixnB1kn3ol/vlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eW/pHVWDS6rF3fnldpNHkcRjuAYTiGAK6hBHRrQBAJDeIIXePW49+y9ee+L1oKXzxzCL3gf3yEKjbY=</latexit>mH

<latexit sha1_base64="VBzuV9cokuEHYztML31oFS/MA8Q=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l048JFBdMWmhAmk2k7dCYJM5NCCf0TNy4UceufuPNvnLZZaPXAwOGcc7l3TpRxprTjfFmVldW19Y3qZm1re2d3z94/aKs0l4R6JOWp7EZYUc4S6mmmOe1mkmIRcdqJRrczvzOmUrE0edSTjAYCDxLWZwRrI4W27d+bcIzDwpcCee1paNedhjMH+kvcktShRCu0P/04JbmgiSYcK9VznUwHBZaaEU6nNT9XNMNkhAe0Z2iCBVVBMb98ik6MEqN+Ks1LNJqrPycKLJSaiMgkBdZDtezNxP+8Xq7710HBkizXNCGLRf2cI52iWQ0oZpISzSeGYCKZuRWRIZaYaFNWzZTgLn/5L2mfNdzLxsXDeb15U9ZRhSM4hlNw4QqacAct8IDAGJ7gBV6twnq23qz3RbRilTOH8AvWxzcSHpNP</latexit>

⇤UV

<latexit sha1_base64="GGr29hjpY/YzQbO+0sLc538NLho=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjQsXFe1D2qFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXHLvCRLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw+uJ33qiSrNYPphRQn2B+5JFjGBjpcfurY2GuHffK1fcqjsFWiReTiqQo94rf3XDmKSCSkM41rrjuYnxM6wMI5yOS91U0wSTIe7TjqUSC6r9bLrwGB1ZJURRrOyTBk3V3xMZFlqPRGCTApuBnvcm4n9eJzXRpZ8xmaSGSjL7KEo5MjGaXI9CpigxfGQJJorZXREZYIWJsR2VbAne/MmLpHlS9c6rZ3enldpVXkcRDuAQjsGDC6jBDdShAQQEPMMrvDnKeXHenY9ZtODkM/vwB87nD2w3kC0=</latexit>

⇤S
Problem 2: it does not 

work for the size of 
the Universe

<latexit sha1_base64="UYL/GBDSphpdvbuul/JLJhvGdsE=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7vOzBLJhu/w4kFjvPox3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH9Q11GiGNZYJCLVDKhGwUOsGW4ENmOFVAYCG8HwZuo3Rqg0j8J7M47Rl7Qf8h5n1FjJl53BQ9pWkuBTPOkUS27ZnYEsEy8jJchQ7RS/2t2IJRJDwwTVuuW5sfFTqgxnAieFdqIxpmxI+9iyNKQStZ/Ojp6QE6t0SS9StkJDZurviZRKrccysJ2SmoFe9Kbif14rMb0rP+VhnBgM2XxRLxHERGSaAOlyhcyIsSWUKW5vJWxAFWXG5lSwIXiLLy+T+lnZuyi7d+elynUWRx6O4BhOwYNLqMAtVKEGDB7hGV7hzRk5L8678zFvzTnZzCH8gfP5A+xJkjM=</latexit>

mexp
h

Experiment

Symmetry?
<latexit sha1_base64="KeeESEQoMcw2RkSrQUvOEHO1Ik8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjQsXFexD2rFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXHLvCRLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw+uJ33qiSrNY3ptRQn2B+5JFjGBjpYfurY2G+PG0V664VXcKtEi8nFQgR71X/uqGMUkFlYZwrHXHcxPjZ1gZRjgdl7qppgkmQ9ynHUslFlT72XThMTqySoiiWNknDZqqvycyLLQeicAmBTYDPe9NxP+8TmqiSz9jMkkNlWT2UZRyZGI0uR6FTFFi+MgSTBSzuyIywAoTYzsq2RK8+ZMXSfOk6p1Xz+5OK7WrvI4iHMAhHIMHF1CDG6hDAwgIeIZXeHOU8+K8Ox+zaMHJZ/bhD5zPHzu2kA0=</latexit>

⇤4



<latexit sha1_base64="UYL/GBDSphpdvbuul/JLJhvGdsE=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNUY9ELx4xkUcCK5kdGpgws7vOzBLJhu/w4kFjvPox3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH9Q11GiGNZYJCLVDKhGwUOsGW4ENmOFVAYCG8HwZuo3Rqg0j8J7M47Rl7Qf8h5n1FjJl53BQ9pWkuBTPOkUS27ZnYEsEy8jJchQ7RS/2t2IJRJDwwTVuuW5sfFTqgxnAieFdqIxpmxI+9iyNKQStZ/Ojp6QE6t0SS9StkJDZurviZRKrccysJ2SmoFe9Kbif14rMb0rP+VhnBgM2XxRLxHERGSaAOlyhcyIsSWUKW5vJWxAFWXG5lSwIXiLLy+T+lnZuyi7d+elynUWRx6O4BhOwYNLqMAtVKEGDB7hGV7hzRk5L8678zFvzTnZzCH8gfP5A+xJkjM=</latexit>

mexp
h

Experiment

The only thing that 
works is a Multiverse

<latexit sha1_base64="KeeESEQoMcw2RkSrQUvOEHO1Ik8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjQsXFexD2rFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXHLvCRLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw+uJ33qiSrNY3ptRQn2B+5JFjGBjpYfurY2G+PG0V664VXcKtEi8nFQgR71X/uqGMUkFlYZwrHXHcxPjZ1gZRjgdl7qppgkmQ9ynHUslFlT72XThMTqySoiiWNknDZqqvycyLLQeicAmBTYDPe9NxP+8TmqiSz9jMkkNlWT2UZRyZGI0uR6FTFFi+MgSTBSzuyIywAoTYzsq2RK8+ZMXSfOk6p1Xz+5OK7WrvI4iHMAhHIMHF1CDG6hDAwgIeIZXeHOU8+K8Ox+zaMHJZ/bhD5zPHzu2kA0=</latexit>

⇤4



<latexit sha1_base64="Zo2NGK+ONE1w1V60t7Uzs87/fsQ=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRSrN0V3bhwUcE+pI1lMpm0Q2eSMDMRSuhXuHGhiFs/x51/4zStoKIHBg7nnMvce/yEM6Ud58MqLC2vrK4V10sbm1vbO+XdvbaKU0loi8Q8ll0fK8pZRFuaaU67iaRY+Jx2/PHFzO/cU6lYHN3oSUI9gYcRCxnB2ki3/SsTDfBddVCuOHY9B5qTWnVB6i5ybSdHBRZoDsrv/SAmqaCRJhwr1XOdRHsZlpoRTqelfqpogskYD2nP0AgLqrwsX3iKjowSoDCW5kUa5er3iQwLpSbCN0mB9Uj99mbiX14v1eGZl7EoSTWNyPyjMOVIx2h2PQqYpETziSGYSGZ2RWSEJSbadFQyJXxdiv4n7RPbPbWd62qlcb6oowgHcAjH4EINGnAJTWgBAQEP8ATPlrQerRfrdR4tWIuZffgB6+0TD1aQmw==</latexit>

⇤4

<latexit sha1_base64="MPoYa8CriJ7zB1oD7EVJu9kmyMM=">AAAB8HicdVDLSgMxFL1TX7W+qi7dBIvgapgRqXZXdOPCRQX7kHYsmUymDU0yQ5IRSulXuHGhiFs/x51/Y/oQfB4IHM45l9x7wpQzbTzv3cktLC4tr+RXC2vrG5tbxe2dhk4yRWidJDxRrRBrypmkdcMMp61UUSxCTpvh4HziN++o0iyR12aY0kDgnmQxI9hY6aZzaaMRvj3uFkueW/H8StlHv4nvelOUYI5at/jWiRKSCSoN4Vjrtu+lJhhhZRjhdFzoZJqmmAxwj7YtlVhQHYymC4/RgVUiFCfKPmnQVP06McJC66EIbVJg09c/vYn4l9fOTHwajJhMM0MlmX0UZxyZBE2uRxFTlBg+tAQTxeyuiPSxwsTYjgq2hM9L0f+kceT6Zde7Oi5Vz+Z15GEP9uEQfDiBKlxADepAQMA9PMKTo5wH59l5mUVzznxmF77Bef0AqxSQVg==</latexit>

⇤4

Cosmological Constant

SIZE OF THE 
UNIVERSE

<latexit sha1_base64="6sl/tb98cAIODBtsVT4f747bhVY=">AAAB8XicbVBNTwIxEJ31E/EL9eilkZh4IrvEqEeiF46YyEeEhXRLFxra7qbtmpCFf+HFg8Z49d94899YYA8KvmSSl/dmMjMviDnTxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMY3c385hNVmkXywYxj6gs8kCxkBBsrPYresFueVCfdcq9QdEvuHGiVeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJrvJJrGmIzwgLYtlVhQ7afzi6fo3Cp9FEbKljRorv6eSLHQeiwC2ymwGeplbyb+57UTE974KZNxYqgki0VhwpGJ0Ox91GeKEsPHlmCimL0VkSFWmBgbUt6G4C2/vEoa5ZJ3VXLvL4uV2yyOHJzCGVyAB9dQgSrUoA4EJDzDK7w52nlx3p2PReuak82cwB84nz/75pB3</latexit>

m
2
h|H|2

Higgs Mass Squared

WEAK FORCE, 
STRUCTURE OF 

NUCLEI, COMPLEX 
CHEMISTRY, …



1. SYMMETRY 

2. MULTIVERSE 

3. BREAKDOWN OF QFT

PREDICTION: A future full  
of uncertainty and excitement
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