
���1

Daniel Green 

UC San Diego

Signals of a  

Quantum Universe

with Rafael Porto 

arXiv:2001.09149 [Phys. Rev. Lett. 124, 25]



���2

Structure in the Universe 

(Cosmic) Bell Test 

Signal of a Quantum Universe 

Observational Implications 



���3

Structure in the Universe
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Quantum Origin of Structure

From Baumann & McAllister
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Quantum Origin of Structure

Vacuum fluctuations can explain origin of structure 

This explanation captures the imagination: 

The largest objects in the universe are explained by 

the unusual phenomena of the smallest scales 

But is this how the universe works? 
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Quantum Origin of Structure
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Planck 2018
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Quantum Origin of Structure

Classical physics gives rise to structures too! 

[e.g. thermal fluctuations] 

Bell gives a definitive way to tell a state IS quantum 

Unfortunately, the universe we observe is classical 

We need a way to tell is WAS in a quantum 
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Cosmic Bell’s Inequalities
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Review of Bell’s Inequalities

Really just a reflections of two kinds of probability 

Quantum: given                       for each path 

Classical:  given                      for each path 
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<latexit sha1_base64="tlRqrdbzlwS+D+AvwYinerFltLs=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchIIjHCOYByRpmJ7PJkJnZZR5KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RVWVtfWN4qbpa3tnd298v5BUydWEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0up76rUeqNEvkvRmnNBR4IFnMCDZOeuhqK3oxqru6QkGvXPGr/gxomQQ5qUCOeq/81e0nxAoqDeFY607gpybMsDKMcDopda2mKSYjPKAdRyUWVIfZ7OoJOnFKH8WJciUNmqm/JzIstB6LyHUKbIZ60ZuK/3kda+LLMGMytYZKMl8UW45MgqYRoD5TlBg+dgQTxdytiAyxwsS4oEouhGDx5WXSPKsGfjW4O6/UbvI4inAEx3AKAVxADW6hDg0goOAZXuHNe/JevHfvY95a8PKZQ/gD7/MHyiaRYw==</latexit><latexit sha1_base64="tlRqrdbzlwS+D+AvwYinerFltLs=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchIIjHCOYByRpmJ7PJkJnZZR5KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RVWVtfWN4qbpa3tnd298v5BUydWEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0up76rUeqNEvkvRmnNBR4IFnMCDZOeuhqK3oxqru6QkGvXPGr/gxomQQ5qUCOeq/81e0nxAoqDeFY607gpybMsDKMcDopda2mKSYjPKAdRyUWVIfZ7OoJOnFKH8WJciUNmqm/JzIstB6LyHUKbIZ60ZuK/3kda+LLMGMytYZKMl8UW45MgqYRoD5TlBg+dgQTxdytiAyxwsS4oEouhGDx5WXSPKsGfjW4O6/UbvI4inAEx3AKAVxADW6hDg0goOAZXuHNe/JevHfvY95a8PKZQ/gD7/MHyiaRYw==</latexit><latexit sha1_base64="tlRqrdbzlwS+D+AvwYinerFltLs=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchIIjHCOYByRpmJ7PJkJnZZR5KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RVWVtfWN4qbpa3tnd298v5BUydWEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0up76rUeqNEvkvRmnNBR4IFnMCDZOeuhqK3oxqru6QkGvXPGr/gxomQQ5qUCOeq/81e0nxAoqDeFY607gpybMsDKMcDopda2mKSYjPKAdRyUWVIfZ7OoJOnFKH8WJciUNmqm/JzIstB6LyHUKbIZ60ZuK/3kda+LLMGMytYZKMl8UW45MgqYRoD5TlBg+dgQTxdytiAyxwsS4oEouhGDx5WXSPKsGfjW4O6/UbvI4inAEx3AKAVxADW6hDg0goOAZXuHNe/JevHfvY95a8PKZQ/gD7/MHyiaRYw==</latexit><latexit sha1_base64="tlRqrdbzlwS+D+AvwYinerFltLs=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchIIjHCOYByRpmJ7PJkJnZZR5KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RVWVtfWN4qbpa3tnd298v5BUydWEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0up76rUeqNEvkvRmnNBR4IFnMCDZOeuhqK3oxqru6QkGvXPGr/gxomQQ5qUCOeq/81e0nxAoqDeFY607gpybMsDKMcDopda2mKSYjPKAdRyUWVIfZ7OoJOnFKH8WJciUNmqm/JzIstB6LyHUKbIZ60ZuK/3kda+LLMGMytYZKMl8UW45MgqYRoD5TlBg+dgQTxdytiAyxwsS4oEouhGDx5WXSPKsGfjW4O6/UbvI4inAEx3AKAVxADW6hDg0goOAZXuHNe/JevHfvY95a8PKZQ/gD7/MHyiaRYw==</latexit>
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<latexit sha1_base64="EjLXldPKGT3YeUECCQn+dO7t1C0=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyUpgm6EqhuXFewDmhom00k7dPJg5kYoaf7Bjb/ixoUibt2482+ctllo64ELh3Pu5d57vFhwBZb1bRSWlldW14rrpY3Nre0dc3evqaJEUtagkYhk2yOKCR6yBnAQrB1LRgJPsJY3vJ74rQcmFY/COxjFrBuQfsh9TgloyTVP6q6PL7AjmA9jRyWBy3HqUCLwZeamHPuZI3l/AOP7qmuWrYo1BV4kdk7KKEfdNb+cXkSTgIVABVGqY1sxdFMigVPBspKTKBYTOiR91tE0JAFT3XT6U4aPtNLDfiR1hYCn6u+JlARKjQJPdwYEBmrem4j/eZ0E/PNuysM4ARbS2SI/ERgiPAkI97hkFMRIE0Il17diOiCSUNAxlnQI9vzLi6RZrdhWxb49Ldeu8jiK6AAdomNkozNUQzeojhqIokf0jF7Rm/FkvBjvxsestWDkM/voD4zPHxoLna4=</latexit><latexit sha1_base64="EjLXldPKGT3YeUECCQn+dO7t1C0=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyUpgm6EqhuXFewDmhom00k7dPJg5kYoaf7Bjb/ixoUibt2482+ctllo64ELh3Pu5d57vFhwBZb1bRSWlldW14rrpY3Nre0dc3evqaJEUtagkYhk2yOKCR6yBnAQrB1LRgJPsJY3vJ74rQcmFY/COxjFrBuQfsh9TgloyTVP6q6PL7AjmA9jRyWBy3HqUCLwZeamHPuZI3l/AOP7qmuWrYo1BV4kdk7KKEfdNb+cXkSTgIVABVGqY1sxdFMigVPBspKTKBYTOiR91tE0JAFT3XT6U4aPtNLDfiR1hYCn6u+JlARKjQJPdwYEBmrem4j/eZ0E/PNuysM4ARbS2SI/ERgiPAkI97hkFMRIE0Il17diOiCSUNAxlnQI9vzLi6RZrdhWxb49Ldeu8jiK6AAdomNkozNUQzeojhqIokf0jF7Rm/FkvBjvxsestWDkM/voD4zPHxoLna4=</latexit><latexit sha1_base64="EjLXldPKGT3YeUECCQn+dO7t1C0=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyUpgm6EqhuXFewDmhom00k7dPJg5kYoaf7Bjb/ixoUibt2482+ctllo64ELh3Pu5d57vFhwBZb1bRSWlldW14rrpY3Nre0dc3evqaJEUtagkYhk2yOKCR6yBnAQrB1LRgJPsJY3vJ74rQcmFY/COxjFrBuQfsh9TgloyTVP6q6PL7AjmA9jRyWBy3HqUCLwZeamHPuZI3l/AOP7qmuWrYo1BV4kdk7KKEfdNb+cXkSTgIVABVGqY1sxdFMigVPBspKTKBYTOiR91tE0JAFT3XT6U4aPtNLDfiR1hYCn6u+JlARKjQJPdwYEBmrem4j/eZ0E/PNuysM4ARbS2SI/ERgiPAkI97hkFMRIE0Il17diOiCSUNAxlnQI9vzLi6RZrdhWxb49Ldeu8jiK6AAdomNkozNUQzeojhqIokf0jF7Rm/FkvBjvxsestWDkM/voD4zPHxoLna4=</latexit><latexit sha1_base64="EjLXldPKGT3YeUECCQn+dO7t1C0=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyUpgm6EqhuXFewDmhom00k7dPJg5kYoaf7Bjb/ixoUibt2482+ctllo64ELh3Pu5d57vFhwBZb1bRSWlldW14rrpY3Nre0dc3evqaJEUtagkYhk2yOKCR6yBnAQrB1LRgJPsJY3vJ74rQcmFY/COxjFrBuQfsh9TgloyTVP6q6PL7AjmA9jRyWBy3HqUCLwZeamHPuZI3l/AOP7qmuWrYo1BV4kdk7KKEfdNb+cXkSTgIVABVGqY1sxdFMigVPBspKTKBYTOiR91tE0JAFT3XT6U4aPtNLDfiR1hYCn6u+JlARKjQJPdwYEBmrem4j/eZ0E/PNuysM4ARbS2SI/ERgiPAkI97hkFMRIE0Il17diOiCSUNAxlnQI9vzLi6RZrdhWxb49Ldeu8jiK6AAdomNkozNUQzeojhqIokf0jF7Rm/FkvBjvxsestWDkM/voD4zPHxoLna4=</latexit>
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X

i
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<latexit sha1_base64="hPN7Tm9arwXSInIGBFO2UbKEsXI=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IRPJVEBL0IRS8eK9haaEPYbDft0t1N2N0INRT/ihcPinj1f3jz37htc9DWBwOP92aYmRelnGnjed9OaWl5ZXWtvF7Z2Nza3nF391o6yRShTZLwRLUjrClnkjYNM5y2U0WxiDi9j4bXE//+gSrNEnlnRikNBO5LFjOCjZVC96ARxugSdXUmQobSMGcoHodu1at5U6BF4hekCgUaofvV7SUkE1QawrHWHd9LTZBjZRjhdFzpZpqmmAxxn3YslVhQHeTT68fo2Co9FCfKljRoqv6eyLHQeiQi2ymwGeh5byL+53UyE18EOZNpZqgks0VxxpFJ0CQK1GOKEsNHlmCimL0VkQFWmBgbWMWG4M+/vEhapzXfq/m3Z9X6VRFHGQ7hCE7Ah3Ooww00oAkEHuEZXuHNeXJenHfnY9ZacoqZffgD5/MHEpiUVA==</latexit><latexit sha1_base64="hPN7Tm9arwXSInIGBFO2UbKEsXI=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IRPJVEBL0IRS8eK9haaEPYbDft0t1N2N0INRT/ihcPinj1f3jz37htc9DWBwOP92aYmRelnGnjed9OaWl5ZXWtvF7Z2Nza3nF391o6yRShTZLwRLUjrClnkjYNM5y2U0WxiDi9j4bXE//+gSrNEnlnRikNBO5LFjOCjZVC96ARxugSdXUmQobSMGcoHodu1at5U6BF4hekCgUaofvV7SUkE1QawrHWHd9LTZBjZRjhdFzpZpqmmAxxn3YslVhQHeTT68fo2Co9FCfKljRoqv6eyLHQeiQi2ymwGeh5byL+53UyE18EOZNpZqgks0VxxpFJ0CQK1GOKEsNHlmCimL0VkQFWmBgbWMWG4M+/vEhapzXfq/m3Z9X6VRFHGQ7hCE7Ah3Ooww00oAkEHuEZXuHNeXJenHfnY9ZacoqZffgD5/MHEpiUVA==</latexit><latexit sha1_base64="hPN7Tm9arwXSInIGBFO2UbKEsXI=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IRPJVEBL0IRS8eK9haaEPYbDft0t1N2N0INRT/ihcPinj1f3jz37htc9DWBwOP92aYmRelnGnjed9OaWl5ZXWtvF7Z2Nza3nF391o6yRShTZLwRLUjrClnkjYNM5y2U0WxiDi9j4bXE//+gSrNEnlnRikNBO5LFjOCjZVC96ARxugSdXUmQobSMGcoHodu1at5U6BF4hekCgUaofvV7SUkE1QawrHWHd9LTZBjZRjhdFzpZpqmmAxxn3YslVhQHeTT68fo2Co9FCfKljRoqv6eyLHQeiQi2ymwGeh5byL+53UyE18EOZNpZqgks0VxxpFJ0CQK1GOKEsNHlmCimL0VkQFWmBgbWMWG4M+/vEhapzXfq/m3Z9X6VRFHGQ7hCE7Ah3Ooww00oAkEHuEZXuHNeXJenHfnY9ZacoqZffgD5/MHEpiUVA==</latexit><latexit sha1_base64="hPN7Tm9arwXSInIGBFO2UbKEsXI=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNy2IRPJVEBL0IRS8eK9haaEPYbDft0t1N2N0INRT/ihcPinj1f3jz37htc9DWBwOP92aYmRelnGnjed9OaWl5ZXWtvF7Z2Nza3nF391o6yRShTZLwRLUjrClnkjYNM5y2U0WxiDi9j4bXE//+gSrNEnlnRikNBO5LFjOCjZVC96ARxugSdXUmQobSMGcoHodu1at5U6BF4hekCgUaofvV7SUkE1QawrHWHd9LTZBjZRjhdFzpZpqmmAxxn3YslVhQHeTT68fo2Co9FCfKljRoqv6eyLHQeiQi2ymwGeh5byL+53UyE18EOZNpZqgks0VxxpFJ0CQK1GOKEsNHlmCimL0VkQFWmBgbWMWG4M+/vEhapzXfq/m3Z9X6VRFHGQ7hCE7Ah3Ooww00oAkEHuEZXuHNeXJenHfnY9ZacoqZffgD5/MHEpiUVA==</latexit>
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f

Pf = 1

<latexit sha1_base64="tlRqrdbzlwS+D+AvwYinerFltLs=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchIIjHCOYByRpmJ7PJkJnZZR5KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RVWVtfWN4qbpa3tnd298v5BUydWEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0up76rUeqNEvkvRmnNBR4IFnMCDZOeuhqK3oxqru6QkGvXPGr/gxomQQ5qUCOeq/81e0nxAoqDeFY607gpybMsDKMcDopda2mKSYjPKAdRyUWVIfZ7OoJOnFKH8WJciUNmqm/JzIstB6LyHUKbIZ60ZuK/3kda+LLMGMytYZKMl8UW45MgqYRoD5TlBg+dgQTxdytiAyxwsS4oEouhGDx5WXSPKsGfjW4O6/UbvI4inAEx3AKAVxADW6hDg0goOAZXuHNe/JevHfvY95a8PKZQ/gD7/MHyiaRYw==</latexit><latexit sha1_base64="tlRqrdbzlwS+D+AvwYinerFltLs=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchIIjHCOYByRpmJ7PJkJnZZR5KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RVWVtfWN4qbpa3tnd298v5BUydWEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0up76rUeqNEvkvRmnNBR4IFnMCDZOeuhqK3oxqru6QkGvXPGr/gxomQQ5qUCOeq/81e0nxAoqDeFY607gpybMsDKMcDopda2mKSYjPKAdRyUWVIfZ7OoJOnFKH8WJciUNmqm/JzIstB6LyHUKbIZ60ZuK/3kda+LLMGMytYZKMl8UW45MgqYRoD5TlBg+dgQTxdytiAyxwsS4oEouhGDx5WXSPKsGfjW4O6/UbvI4inAEx3AKAVxADW6hDg0goOAZXuHNe/JevHfvY95a8PKZQ/gD7/MHyiaRYw==</latexit><latexit sha1_base64="tlRqrdbzlwS+D+AvwYinerFltLs=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchIIjHCOYByRpmJ7PJkJnZZR5KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RVWVtfWN4qbpa3tnd298v5BUydWEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0up76rUeqNEvkvRmnNBR4IFnMCDZOeuhqK3oxqru6QkGvXPGr/gxomQQ5qUCOeq/81e0nxAoqDeFY607gpybMsDKMcDopda2mKSYjPKAdRyUWVIfZ7OoJOnFKH8WJciUNmqm/JzIstB6LyHUKbIZ60ZuK/3kda+LLMGMytYZKMl8UW45MgqYRoD5TlBg+dgQTxdytiAyxwsS4oEouhGDx5WXSPKsGfjW4O6/UbvI4inAEx3AKAVxADW6hDg0goOAZXuHNe/JevHfvY95a8PKZQ/gD7/MHyiaRYw==</latexit><latexit sha1_base64="tlRqrdbzlwS+D+AvwYinerFltLs=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBchIIjHCOYByRpmJ7PJkJnZZR5KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dUcqZNr7/7RVWVtfWN4qbpa3tnd298v5BUydWEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0up76rUeqNEvkvRmnNBR4IFnMCDZOeuhqK3oxqru6QkGvXPGr/gxomQQ5qUCOeq/81e0nxAoqDeFY607gpybMsDKMcDopda2mKSYjPKAdRyUWVIfZ7OoJOnFKH8WJciUNmqm/JzIstB6LyHUKbIZ60ZuK/3kda+LLMGMytYZKMl8UW45MgqYRoD5TlBg+dgQTxdytiAyxwsS4oEouhGDx5WXSPKsGfjW4O6/UbvI4inAEx3AKAVxADW6hDg0goOAZXuHNe/JevHfvY95a8PKZQ/gD7/MHyiaRYw==</latexit>

Aif 2 C
<latexit sha1_base64="DO46fIaFup5uoZYvOQLwHPVWY0g=">AAACBnicbVBNS8NAEJ3Ur1q/oh5FWCyCp5KIoMdqLx4r2A9oQtlsN+3SzSbsboQScvLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OChDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlTNCWZprTbiIpjgJOO8G4MfU7D1QqFot7PUmoH+GhYCEjWBupbx9nHsEcXef9jIU58phAyIuwHgVB1sj7dtWpOTOgZeIWpAoFmn37yxvEJI2o0IRjpXquk2g/w1Izwmle8VJFE0zGeEh7hgocUeVnszdydGqUAQpjaUpoNFN/T2Q4UmoSBaZzeqFa9Kbif14v1eGVnzGRpJoKMl8UphzpGE0zQQMmKdF8YggmkplbERlhiYk2yVVMCO7iy8ukfV5znZp7d1Gt3xRxlOEITuAMXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/AGntmHA=</latexit><latexit sha1_base64="DO46fIaFup5uoZYvOQLwHPVWY0g=">AAACBnicbVBNS8NAEJ3Ur1q/oh5FWCyCp5KIoMdqLx4r2A9oQtlsN+3SzSbsboQScvLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OChDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlTNCWZprTbiIpjgJOO8G4MfU7D1QqFot7PUmoH+GhYCEjWBupbx9nHsEcXef9jIU58phAyIuwHgVB1sj7dtWpOTOgZeIWpAoFmn37yxvEJI2o0IRjpXquk2g/w1Izwmle8VJFE0zGeEh7hgocUeVnszdydGqUAQpjaUpoNFN/T2Q4UmoSBaZzeqFa9Kbif14v1eGVnzGRpJoKMl8UphzpGE0zQQMmKdF8YggmkplbERlhiYk2yVVMCO7iy8ukfV5znZp7d1Gt3xRxlOEITuAMXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/AGntmHA=</latexit><latexit sha1_base64="DO46fIaFup5uoZYvOQLwHPVWY0g=">AAACBnicbVBNS8NAEJ3Ur1q/oh5FWCyCp5KIoMdqLx4r2A9oQtlsN+3SzSbsboQScvLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OChDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlTNCWZprTbiIpjgJOO8G4MfU7D1QqFot7PUmoH+GhYCEjWBupbx9nHsEcXef9jIU58phAyIuwHgVB1sj7dtWpOTOgZeIWpAoFmn37yxvEJI2o0IRjpXquk2g/w1Izwmle8VJFE0zGeEh7hgocUeVnszdydGqUAQpjaUpoNFN/T2Q4UmoSBaZzeqFa9Kbif14v1eGVnzGRpJoKMl8UphzpGE0zQQMmKdF8YggmkplbERlhiYk2yVVMCO7iy8ukfV5znZp7d1Gt3xRxlOEITuAMXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/AGntmHA=</latexit><latexit sha1_base64="DO46fIaFup5uoZYvOQLwHPVWY0g=">AAACBnicbVBNS8NAEJ3Ur1q/oh5FWCyCp5KIoMdqLx4r2A9oQtlsN+3SzSbsboQScvLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OChDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHstugBXlTNCWZprTbiIpjgJOO8G4MfU7D1QqFot7PUmoH+GhYCEjWBupbx9nHsEcXef9jIU58phAyIuwHgVB1sj7dtWpOTOgZeIWpAoFmn37yxvEJI2o0IRjpXquk2g/w1Izwmle8VJFE0zGeEh7hgocUeVnszdydGqUAQpjaUpoNFN/T2Q4UmoSBaZzeqFa9Kbif14v1eGVnzGRpJoKMl8UphzpGE0zQQMmKdF8YggmkplbERlhiYk2yVVMCO7iy8ukfV5znZp7d1Gt3xRxlOEITuAMXLiEOtxCE1pA4BGe4RXerCfrxXq3PuatJauYOYQ/sD5/AGntmHA=</latexit>

pif 2 [0, 1]
<latexit sha1_base64="kvQ88YXAc5RQ3d0odddtwA8lk9w=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBymJFPRY9OKxgv2ANITNdtMu3WzC7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDjkoySWibJDyRvRArypmgbc00p71UUhyHnHbD8c3M7z5QqVgi7vUkpX6Mh4JFjGBtpMCupkHOoinqM4GQ55y7fmDXnLozB1olbkFqUKAV2F/9QUKymApNOFbKc51U+zmWmhFOp5V+pmiKyRgPqWeowDFVfj4/fYpOjTJAUSJNCY3m6u+JHMdKTeLQdMZYj9SyNxP/87xMR1d+zkSaaSrIYlGUcaQTNMsBDZikRPOJIZhIZm5FZIQlJtqkVTEhuMsvr5LORd116u5do9a8LuIowzGcwBm4cAlNuIUWtIHAIzzDK7xZT9aL9W59LFpLVjFzBH9gff4AZEuSww==</latexit><latexit sha1_base64="kvQ88YXAc5RQ3d0odddtwA8lk9w=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBymJFPRY9OKxgv2ANITNdtMu3WzC7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDjkoySWibJDyRvRArypmgbc00p71UUhyHnHbD8c3M7z5QqVgi7vUkpX6Mh4JFjGBtpMCupkHOoinqM4GQ55y7fmDXnLozB1olbkFqUKAV2F/9QUKymApNOFbKc51U+zmWmhFOp5V+pmiKyRgPqWeowDFVfj4/fYpOjTJAUSJNCY3m6u+JHMdKTeLQdMZYj9SyNxP/87xMR1d+zkSaaSrIYlGUcaQTNMsBDZikRPOJIZhIZm5FZIQlJtqkVTEhuMsvr5LORd116u5do9a8LuIowzGcwBm4cAlNuIUWtIHAIzzDK7xZT9aL9W59LFpLVjFzBH9gff4AZEuSww==</latexit><latexit sha1_base64="kvQ88YXAc5RQ3d0odddtwA8lk9w=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBymJFPRY9OKxgv2ANITNdtMu3WzC7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDjkoySWibJDyRvRArypmgbc00p71UUhyHnHbD8c3M7z5QqVgi7vUkpX6Mh4JFjGBtpMCupkHOoinqM4GQ55y7fmDXnLozB1olbkFqUKAV2F/9QUKymApNOFbKc51U+zmWmhFOp5V+pmiKyRgPqWeowDFVfj4/fYpOjTJAUSJNCY3m6u+JHMdKTeLQdMZYj9SyNxP/87xMR1d+zkSaaSrIYlGUcaQTNMsBDZikRPOJIZhIZm5FZIQlJtqkVTEhuMsvr5LORd116u5do9a8LuIowzGcwBm4cAlNuIUWtIHAIzzDK7xZT9aL9W59LFpLVjFzBH9gff4AZEuSww==</latexit><latexit sha1_base64="kvQ88YXAc5RQ3d0odddtwA8lk9w=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCBymJFPRY9OKxgv2ANITNdtMu3WzC7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMC1POlHacb6u0tr6xuVXeruzs7u0f2NXDjkoySWibJDyRvRArypmgbc00p71UUhyHnHbD8c3M7z5QqVgi7vUkpX6Mh4JFjGBtpMCupkHOoinqM4GQ55y7fmDXnLozB1olbkFqUKAV2F/9QUKymApNOFbKc51U+zmWmhFOp5V+pmiKyRgPqWeowDFVfj4/fYpOjTJAUSJNCY3m6u+JHMdKTeLQdMZYj9SyNxP/87xMR1d+zkSaaSrIYlGUcaQTNMsBDZikRPOJIZhIZm5FZIQlJtqkVTEhuMsvr5LORd116u5do9a8LuIowzGcwBm4cAlNuIUWtIHAIzzDK7xZT9aL9W59LFpLVjFzBH9gff4AZEuSww==</latexit>
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Review of Bell’s Inequalities

Classical Probably = lack of  knowledge  

The universe picks one trajectory 

time

? P (O) = Pi
<latexit sha1_base64="eKVvzZPa1ZrhOhGlb3RvUiApIYk=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZREBL0IBT14M4L9gDaEzXbbLt1swu5GKbE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzAsTzpR2nG+rsLK6tr5R3Cxtbe/s7tnl/aaKU0log8Q8lu0QK8qZoA3NNKftRFIchZy2wtHV1G89UKlYLO71OKF+hAeC9RnB2kiBXfaqWZdgjm4nJ+gSeQEL7IpTc2ZAy8TNSQVyeIH91e3FJI2o0IRjpTquk2g/w1Izwumk1E0VTTAZ4QHtGCpwRJWfzU6foGOj9FA/lqaERjP190SGI6XGUWg6I6yHatGbiv95nVT3L/yMiSTVVJD5on7KkY7RNAfUY5ISzceGYCKZuRWRIZaYaJNWyYTgLr68TJqnNdepuXdnlfp1HkcRDuEIquDCOdThBjxoAIFHeIZXeLOerBfr3fqYtxasfOYA/sD6/AH1gZKA</latexit><latexit sha1_base64="eKVvzZPa1ZrhOhGlb3RvUiApIYk=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZREBL0IBT14M4L9gDaEzXbbLt1swu5GKbE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzAsTzpR2nG+rsLK6tr5R3Cxtbe/s7tnl/aaKU0log8Q8lu0QK8qZoA3NNKftRFIchZy2wtHV1G89UKlYLO71OKF+hAeC9RnB2kiBXfaqWZdgjm4nJ+gSeQEL7IpTc2ZAy8TNSQVyeIH91e3FJI2o0IRjpTquk2g/w1Izwumk1E0VTTAZ4QHtGCpwRJWfzU6foGOj9FA/lqaERjP190SGI6XGUWg6I6yHatGbiv95nVT3L/yMiSTVVJD5on7KkY7RNAfUY5ISzceGYCKZuRWRIZaYaJNWyYTgLr68TJqnNdepuXdnlfp1HkcRDuEIquDCOdThBjxoAIFHeIZXeLOerBfr3fqYtxasfOYA/sD6/AH1gZKA</latexit><latexit sha1_base64="eKVvzZPa1ZrhOhGlb3RvUiApIYk=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZREBL0IBT14M4L9gDaEzXbbLt1swu5GKbE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzAsTzpR2nG+rsLK6tr5R3Cxtbe/s7tnl/aaKU0log8Q8lu0QK8qZoA3NNKftRFIchZy2wtHV1G89UKlYLO71OKF+hAeC9RnB2kiBXfaqWZdgjm4nJ+gSeQEL7IpTc2ZAy8TNSQVyeIH91e3FJI2o0IRjpTquk2g/w1Izwumk1E0VTTAZ4QHtGCpwRJWfzU6foGOj9FA/lqaERjP190SGI6XGUWg6I6yHatGbiv95nVT3L/yMiSTVVJD5on7KkY7RNAfUY5ISzceGYCKZuRWRIZaYaJNWyYTgLr68TJqnNdepuXdnlfp1HkcRDuEIquDCOdThBjxoAIFHeIZXeLOerBfr3fqYtxasfOYA/sD6/AH1gZKA</latexit><latexit sha1_base64="eKVvzZPa1ZrhOhGlb3RvUiApIYk=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZREBL0IBT14M4L9gDaEzXbbLt1swu5GKbE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzAsTzpR2nG+rsLK6tr5R3Cxtbe/s7tnl/aaKU0log8Q8lu0QK8qZoA3NNKftRFIchZy2wtHV1G89UKlYLO71OKF+hAeC9RnB2kiBXfaqWZdgjm4nJ+gSeQEL7IpTc2ZAy8TNSQVyeIH91e3FJI2o0IRjpTquk2g/w1Izwumk1E0VTTAZ4QHtGCpwRJWfzU6foGOj9FA/lqaERjP190SGI6XGUWg6I6yHatGbiv95nVT3L/yMiSTVVJD5on7KkY7RNAfUY5ISzceGYCKZuRWRIZaYaJNWyYTgLr68TJqnNdepuXdnlfp1HkcRDuEIquDCOdThBjxoAIFHeIZXeLOerBfr3fqYtxasfOYA/sD6/AH1gZKA</latexit>

P1
P2

P3



Quantum Probably = true uncertainty 

It might even look classical if 
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Review of Bell’s Inequalities

time

[H,O] = 0
<latexit sha1_base64="GHKh+VBAelHmowWtVCPxliIOf+Y=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBL0IBT30ZgX7AWkom+2mXbrZhN1NoYT+Ey8eFPHqP/Hmv3HT5qCtDwYe780wMy9IOFPacb6t0tr6xuZWebuys7u3f2AfHrVVnEpCWyTmsewGWFHOBG1ppjntJpLiKOC0E4zvcr8zoVKxWDzpaUL9CA8FCxnB2kh92/YaF1mPYI4eZj66RU7frjo1Zw60StyCVKFAs29/9QYxSSMqNOFYKc91Eu1nWGpGOJ1VeqmiCSZjPKSeoQJHVPnZ/PIZOjPKAIWxNCU0mqu/JzIcKTWNAtMZYT1Sy14u/ud5qQ5v/IyJJNVUkMWiMOVIxyiPAQ2YpETzqSGYSGZuRWSEJSbahFUxIbjLL6+S9mXNdWru41W1fl/EUYYTOIVzcOEa6tCAJrSAwASe4RXerMx6sd6tj0VrySpmjuEPrM8fQDSSGQ==</latexit><latexit sha1_base64="GHKh+VBAelHmowWtVCPxliIOf+Y=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBL0IBT30ZgX7AWkom+2mXbrZhN1NoYT+Ey8eFPHqP/Hmv3HT5qCtDwYe780wMy9IOFPacb6t0tr6xuZWebuys7u3f2AfHrVVnEpCWyTmsewGWFHOBG1ppjntJpLiKOC0E4zvcr8zoVKxWDzpaUL9CA8FCxnB2kh92/YaF1mPYI4eZj66RU7frjo1Zw60StyCVKFAs29/9QYxSSMqNOFYKc91Eu1nWGpGOJ1VeqmiCSZjPKSeoQJHVPnZ/PIZOjPKAIWxNCU0mqu/JzIcKTWNAtMZYT1Sy14u/ud5qQ5v/IyJJNVUkMWiMOVIxyiPAQ2YpETzqSGYSGZuRWSEJSbahFUxIbjLL6+S9mXNdWru41W1fl/EUYYTOIVzcOEa6tCAJrSAwASe4RXerMx6sd6tj0VrySpmjuEPrM8fQDSSGQ==</latexit><latexit sha1_base64="GHKh+VBAelHmowWtVCPxliIOf+Y=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBL0IBT30ZgX7AWkom+2mXbrZhN1NoYT+Ey8eFPHqP/Hmv3HT5qCtDwYe780wMy9IOFPacb6t0tr6xuZWebuys7u3f2AfHrVVnEpCWyTmsewGWFHOBG1ppjntJpLiKOC0E4zvcr8zoVKxWDzpaUL9CA8FCxnB2kh92/YaF1mPYI4eZj66RU7frjo1Zw60StyCVKFAs29/9QYxSSMqNOFYKc91Eu1nWGpGOJ1VeqmiCSZjPKSeoQJHVPnZ/PIZOjPKAIWxNCU0mqu/JzIcKTWNAtMZYT1Sy14u/ud5qQ5v/IyJJNVUkMWiMOVIxyiPAQ2YpETzqSGYSGZuRWSEJSbahFUxIbjLL6+S9mXNdWru41W1fl/EUYYTOIVzcOEa6tCAJrSAwASe4RXerMx6sd6tj0VrySpmjuEPrM8fQDSSGQ==</latexit><latexit sha1_base64="GHKh+VBAelHmowWtVCPxliIOf+Y=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBL0IBT30ZgX7AWkom+2mXbrZhN1NoYT+Ey8eFPHqP/Hmv3HT5qCtDwYe780wMy9IOFPacb6t0tr6xuZWebuys7u3f2AfHrVVnEpCWyTmsewGWFHOBG1ppjntJpLiKOC0E4zvcr8zoVKxWDzpaUL9CA8FCxnB2kh92/YaF1mPYI4eZj66RU7frjo1Zw60StyCVKFAs29/9QYxSSMqNOFYKc91Eu1nWGpGOJ1VeqmiCSZjPKSeoQJHVPnZ/PIZOjPKAIWxNCU0mqu/JzIcKTWNAtMZYT1Sy14u/ud5qQ5v/IyJJNVUkMWiMOVIxyiPAQ2YpETzqSGYSGZuRWSEJSbahFUxIbjLL6+S9mXNdWru41W1fl/EUYYTOIVzcOEa6tCAJrSAwASe4RXerMx6sd6tj0VrySpmjuEPrM8fQDSSGQ==</latexit>

P (O) = |Ai|
2

<latexit sha1_base64="4uyV1SBDaRzqyCJ3p84PKVxuml8=">AAACBXicbVC7SgNBFL3rM8bXqqUWg0GITdgNgjZCRAs7I5gHJOsyO5kkQ2YfzMwKYbONjb9iY6GIrf9g5984SbbQxAMXzpxzL3Pv8SLOpLKsb2NhcWl5ZTW3ll/f2NzaNnd26zKMBaE1EvJQND0sKWcBrSmmOG1GgmLf47ThDS7HfuOBCsnC4E4NI+r4uBewLiNYack1D6rFpE0wRzfpMTpHo+njInXZ6L7smgWrZE2A5omdkQJkqLrmV7sTktingSIcS9myrUg5CRaKEU7TfDuWNMJkgHu0pWmAfSqdZHJFio600kHdUOgKFJqovycS7Es59D3d6WPVl7PeWPzPa8Wqe+YkLIhiRQMy/agbc6RCNI4EdZigRPGhJpgIpndFpI8FJkoHl9ch2LMnz5N6uWRbJfv2pFC5yuLIwT4cQhFsOIUKXEMVakDgEZ7hFd6MJ+PFeDc+pq0LRjazB39gfP4AGjaXCw==</latexit><latexit sha1_base64="4uyV1SBDaRzqyCJ3p84PKVxuml8=">AAACBXicbVC7SgNBFL3rM8bXqqUWg0GITdgNgjZCRAs7I5gHJOsyO5kkQ2YfzMwKYbONjb9iY6GIrf9g5984SbbQxAMXzpxzL3Pv8SLOpLKsb2NhcWl5ZTW3ll/f2NzaNnd26zKMBaE1EvJQND0sKWcBrSmmOG1GgmLf47ThDS7HfuOBCsnC4E4NI+r4uBewLiNYack1D6rFpE0wRzfpMTpHo+njInXZ6L7smgWrZE2A5omdkQJkqLrmV7sTktingSIcS9myrUg5CRaKEU7TfDuWNMJkgHu0pWmAfSqdZHJFio600kHdUOgKFJqovycS7Es59D3d6WPVl7PeWPzPa8Wqe+YkLIhiRQMy/agbc6RCNI4EdZigRPGhJpgIpndFpI8FJkoHl9ch2LMnz5N6uWRbJfv2pFC5yuLIwT4cQhFsOIUKXEMVakDgEZ7hFd6MJ+PFeDc+pq0LRjazB39gfP4AGjaXCw==</latexit><latexit sha1_base64="4uyV1SBDaRzqyCJ3p84PKVxuml8=">AAACBXicbVC7SgNBFL3rM8bXqqUWg0GITdgNgjZCRAs7I5gHJOsyO5kkQ2YfzMwKYbONjb9iY6GIrf9g5984SbbQxAMXzpxzL3Pv8SLOpLKsb2NhcWl5ZTW3ll/f2NzaNnd26zKMBaE1EvJQND0sKWcBrSmmOG1GgmLf47ThDS7HfuOBCsnC4E4NI+r4uBewLiNYack1D6rFpE0wRzfpMTpHo+njInXZ6L7smgWrZE2A5omdkQJkqLrmV7sTktingSIcS9myrUg5CRaKEU7TfDuWNMJkgHu0pWmAfSqdZHJFio600kHdUOgKFJqovycS7Es59D3d6WPVl7PeWPzPa8Wqe+YkLIhiRQMy/agbc6RCNI4EdZigRPGhJpgIpndFpI8FJkoHl9ch2LMnz5N6uWRbJfv2pFC5yuLIwT4cQhFsOIUKXEMVakDgEZ7hFd6MJ+PFeDc+pq0LRjazB39gfP4AGjaXCw==</latexit><latexit sha1_base64="4uyV1SBDaRzqyCJ3p84PKVxuml8=">AAACBXicbVC7SgNBFL3rM8bXqqUWg0GITdgNgjZCRAs7I5gHJOsyO5kkQ2YfzMwKYbONjb9iY6GIrf9g5984SbbQxAMXzpxzL3Pv8SLOpLKsb2NhcWl5ZTW3ll/f2NzaNnd26zKMBaE1EvJQND0sKWcBrSmmOG1GgmLf47ThDS7HfuOBCsnC4E4NI+r4uBewLiNYack1D6rFpE0wRzfpMTpHo+njInXZ6L7smgWrZE2A5omdkQJkqLrmV7sTktingSIcS9myrUg5CRaKEU7TfDuWNMJkgHu0pWmAfSqdZHJFio600kHdUOgKFJqovycS7Es59D3d6WPVl7PeWPzPa8Wqe+YkLIhiRQMy/agbc6RCNI4EdZigRPGhJpgIpndFpI8FJkoHl9ch2LMnz5N6uWRbJfv2pFC5yuLIwT4cQhFsOIUKXEMVakDgEZ7hFd6MJ+PFeDc+pq0LRjazB39gfP4AGjaXCw==</latexit>?
A3A3

A2

A1
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Review of Bell’s Inequalities

Quantum Probably = true uncertainty 

But not if we measure in basis

time

[O0,O] 6= 0
<latexit sha1_base64="z+m3WXQdYjU2pIkFWpNCACghM1Q=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrCILqQkIuiyoAt3VrAXSEOZTCft0MkkzkyEErpw46u4caGIWx/CnW/jtI2grT8MfPznHM6cP0g4U9pxvqyFxaXlldXCWnF9Y3Nr297Zbag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyM6817KhWLxa0eJtSPcE+wkBGsjdWxS17WJpij69Hh8Q/5qC3oHXI6dtmpOBOheXBzKEOuWsf+bHdjkkZUaMKxUp7rJNrPsNSMcDoqtlNFE0wGuEc9gwJHVPnZ5IgROjBOF4WxNE9oNHF/T2Q4UmoYBaYzwrqvZmtj87+al+rw3M+YSFJNBZkuClOOdIzGiaAuk5RoPjSAiWTmr4j0scREm9yKJgR39uR5aJxUXKfi3pyWq5d5HAUowT4cgQtnUIUrqEEdCDzAE7zAq/VoPVtv1vu0dcHKZ/bgj6yPb4w5lrw=</latexit><latexit sha1_base64="z+m3WXQdYjU2pIkFWpNCACghM1Q=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrCILqQkIuiyoAt3VrAXSEOZTCft0MkkzkyEErpw46u4caGIWx/CnW/jtI2grT8MfPznHM6cP0g4U9pxvqyFxaXlldXCWnF9Y3Nr297Zbag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyM6817KhWLxa0eJtSPcE+wkBGsjdWxS17WJpij69Hh8Q/5qC3oHXI6dtmpOBOheXBzKEOuWsf+bHdjkkZUaMKxUp7rJNrPsNSMcDoqtlNFE0wGuEc9gwJHVPnZ5IgROjBOF4WxNE9oNHF/T2Q4UmoYBaYzwrqvZmtj87+al+rw3M+YSFJNBZkuClOOdIzGiaAuk5RoPjSAiWTmr4j0scREm9yKJgR39uR5aJxUXKfi3pyWq5d5HAUowT4cgQtnUIUrqEEdCDzAE7zAq/VoPVtv1vu0dcHKZ/bgj6yPb4w5lrw=</latexit><latexit sha1_base64="z+m3WXQdYjU2pIkFWpNCACghM1Q=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrCILqQkIuiyoAt3VrAXSEOZTCft0MkkzkyEErpw46u4caGIWx/CnW/jtI2grT8MfPznHM6cP0g4U9pxvqyFxaXlldXCWnF9Y3Nr297Zbag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyM6817KhWLxa0eJtSPcE+wkBGsjdWxS17WJpij69Hh8Q/5qC3oHXI6dtmpOBOheXBzKEOuWsf+bHdjkkZUaMKxUp7rJNrPsNSMcDoqtlNFE0wGuEc9gwJHVPnZ5IgROjBOF4WxNE9oNHF/T2Q4UmoYBaYzwrqvZmtj87+al+rw3M+YSFJNBZkuClOOdIzGiaAuk5RoPjSAiWTmr4j0scREm9yKJgR39uR5aJxUXKfi3pyWq5d5HAUowT4cgQtnUIUrqEEdCDzAE7zAq/VoPVtv1vu0dcHKZ/bgj6yPb4w5lrw=</latexit><latexit sha1_base64="z+m3WXQdYjU2pIkFWpNCACghM1Q=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrCILqQkIuiyoAt3VrAXSEOZTCft0MkkzkyEErpw46u4caGIWx/CnW/jtI2grT8MfPznHM6cP0g4U9pxvqyFxaXlldXCWnF9Y3Nr297Zbag4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkzGFyM6817KhWLxa0eJtSPcE+wkBGsjdWxS17WJpij69Hh8Q/5qC3oHXI6dtmpOBOheXBzKEOuWsf+bHdjkkZUaMKxUp7rJNrPsNSMcDoqtlNFE0wGuEc9gwJHVPnZ5IgROjBOF4WxNE9oNHF/T2Q4UmoYBaYzwrqvZmtj87+al+rw3M+YSFJNBZkuClOOdIzGiaAuk5RoPjSAiWTmr4j0scREm9yKJgR39uR5aJxUXKfi3pyWq5d5HAUowT4cgQtnUIUrqEEdCDzAE7zAq/VoPVtv1vu0dcHKZ/bgj6yPb4w5lrw=</latexit>

? P (O0) = |

X

j

Ai0,j |
2

<latexit sha1_base64="V+qwV/ETMr6s3OvfzGimri/CLzs=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VaQUpSBN0IVTfurGAf0MQwmU7aaScPZiZCSfMLbvwVNy4UcevOnX/jtM1CqwcuHM65l3vvcSNGhTSMLy23sLi0vJJfLaytb2xu6ds7TRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh5cTv3VPuKBhcCtHEbF91AuoRzGSSnL0cr2cWBgxeJ2WDuEZHFsi9p3BTDtPnYSWjgbp+K7q6EWjYkwB/xIzI0WQoe7on1Y3xLFPAokZEqJjGpG0E8QlxYykBSsWJEJ4iHqko2iAfCLsZPpRCg+U0oVeyFUFEk7VnxMJ8oUY+a7q9JHsi3lvIv7ndWLpndoJDaJYkgDPFnkxgzKEk3hgl3KCJRspgjCn6laI+4gjLFWIBRWCOf/yX9KsVkyjYt4cF2sXWRx5sAf2QRmY4ATUwBWogwbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Be3jG/L6m9c=</latexit><latexit sha1_base64="V+qwV/ETMr6s3OvfzGimri/CLzs=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VaQUpSBN0IVTfurGAf0MQwmU7aaScPZiZCSfMLbvwVNy4UcevOnX/jtM1CqwcuHM65l3vvcSNGhTSMLy23sLi0vJJfLaytb2xu6ds7TRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh5cTv3VPuKBhcCtHEbF91AuoRzGSSnL0cr2cWBgxeJ2WDuEZHFsi9p3BTDtPnYSWjgbp+K7q6EWjYkwB/xIzI0WQoe7on1Y3xLFPAokZEqJjGpG0E8QlxYykBSsWJEJ4iHqko2iAfCLsZPpRCg+U0oVeyFUFEk7VnxMJ8oUY+a7q9JHsi3lvIv7ndWLpndoJDaJYkgDPFnkxgzKEk3hgl3KCJRspgjCn6laI+4gjLFWIBRWCOf/yX9KsVkyjYt4cF2sXWRx5sAf2QRmY4ATUwBWogwbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Be3jG/L6m9c=</latexit><latexit sha1_base64="V+qwV/ETMr6s3OvfzGimri/CLzs=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VaQUpSBN0IVTfurGAf0MQwmU7aaScPZiZCSfMLbvwVNy4UcevOnX/jtM1CqwcuHM65l3vvcSNGhTSMLy23sLi0vJJfLaytb2xu6ds7TRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh5cTv3VPuKBhcCtHEbF91AuoRzGSSnL0cr2cWBgxeJ2WDuEZHFsi9p3BTDtPnYSWjgbp+K7q6EWjYkwB/xIzI0WQoe7on1Y3xLFPAokZEqJjGpG0E8QlxYykBSsWJEJ4iHqko2iAfCLsZPpRCg+U0oVeyFUFEk7VnxMJ8oUY+a7q9JHsi3lvIv7ndWLpndoJDaJYkgDPFnkxgzKEk3hgl3KCJRspgjCn6laI+4gjLFWIBRWCOf/yX9KsVkyjYt4cF2sXWRx5sAf2QRmY4ATUwBWogwbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Be3jG/L6m9c=</latexit><latexit sha1_base64="V+qwV/ETMr6s3OvfzGimri/CLzs=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VaQUpSBN0IVTfurGAf0MQwmU7aaScPZiZCSfMLbvwVNy4UcevOnX/jtM1CqwcuHM65l3vvcSNGhTSMLy23sLi0vJJfLaytb2xu6ds7TRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh5cTv3VPuKBhcCtHEbF91AuoRzGSSnL0cr2cWBgxeJ2WDuEZHFsi9p3BTDtPnYSWjgbp+K7q6EWjYkwB/xIzI0WQoe7on1Y3xLFPAokZEqJjGpG0E8QlxYykBSsWJEJ4iHqko2iAfCLsZPpRCg+U0oVeyFUFEk7VnxMJ8oUY+a7q9JHsi3lvIv7ndWLpndoJDaJYkgDPFnkxgzKEk3hgl3KCJRspgjCn6laI+4gjLFWIBRWCOf/yX9KsVkyjYt4cF2sXWRx5sAf2QRmY4ATUwBWogwbA4AE8gRfwqj1qz9qb9j5rzWnZzC74Be3jG/L6m9c=</latexit>
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Review of Bell’s Inequalities

â0
<latexit sha1_base64="jUzPz9+cmINCCxYudWFR5HTlLW8=">AAAB7nicbVDJSgNBEK1xjXGLevTSGERPYUYEPQa8eEzALJAMoabTkzTpWeiuEcIQ8Be8eFDEq9/jzb+xsxw08UHB470qquoFqZKGXPfbWVvf2NzaLuwUd/f2Dw5LR8dNk2SaiwZPVKLbARqhZCwaJEmJdqoFRoESrWB0N/Vbj0IbmcQPNE6FH+EglqHkSFZqdYdIDC96pbJbcWdgq8RbkDIsUOuVvrr9hGeRiIkrNKbjuSn5OWqSXIlJsZsZkSIf4UB0LI0xEsbPZ+dO2LlV+ixMtK2Y2Ez9PZFjZMw4CmxnhDQ0y95U/M/rZBTe+rmM04xEzOeLwkwxStj0d9aXWnBSY0uQa2lvZXyIGjnZhIo2BG/55VXSvKp4bsWrX5er9ad5HAU4hTO4BA9uoAr3UIMGcBjBM7zCm5M6L8678zFvXXMWEZ7AHzifP6rDj5A=</latexit><latexit sha1_base64="jUzPz9+cmINCCxYudWFR5HTlLW8=">AAAB7nicbVDJSgNBEK1xjXGLevTSGERPYUYEPQa8eEzALJAMoabTkzTpWeiuEcIQ8Be8eFDEq9/jzb+xsxw08UHB470qquoFqZKGXPfbWVvf2NzaLuwUd/f2Dw5LR8dNk2SaiwZPVKLbARqhZCwaJEmJdqoFRoESrWB0N/Vbj0IbmcQPNE6FH+EglqHkSFZqdYdIDC96pbJbcWdgq8RbkDIsUOuVvrr9hGeRiIkrNKbjuSn5OWqSXIlJsZsZkSIf4UB0LI0xEsbPZ+dO2LlV+ixMtK2Y2Ez9PZFjZMw4CmxnhDQ0y95U/M/rZBTe+rmM04xEzOeLwkwxStj0d9aXWnBSY0uQa2lvZXyIGjnZhIo2BG/55VXSvKp4bsWrX5er9ad5HAU4hTO4BA9uoAr3UIMGcBjBM7zCm5M6L8678zFvXXMWEZ7AHzifP6rDj5A=</latexit><latexit sha1_base64="jUzPz9+cmINCCxYudWFR5HTlLW8=">AAAB7nicbVDJSgNBEK1xjXGLevTSGERPYUYEPQa8eEzALJAMoabTkzTpWeiuEcIQ8Be8eFDEq9/jzb+xsxw08UHB470qquoFqZKGXPfbWVvf2NzaLuwUd/f2Dw5LR8dNk2SaiwZPVKLbARqhZCwaJEmJdqoFRoESrWB0N/Vbj0IbmcQPNE6FH+EglqHkSFZqdYdIDC96pbJbcWdgq8RbkDIsUOuVvrr9hGeRiIkrNKbjuSn5OWqSXIlJsZsZkSIf4UB0LI0xEsbPZ+dO2LlV+ixMtK2Y2Ez9PZFjZMw4CmxnhDQ0y95U/M/rZBTe+rmM04xEzOeLwkwxStj0d9aXWnBSY0uQa2lvZXyIGjnZhIo2BG/55VXSvKp4bsWrX5er9ad5HAU4hTO4BA9uoAr3UIMGcBjBM7zCm5M6L8678zFvXXMWEZ7AHzifP6rDj5A=</latexit><latexit sha1_base64="jUzPz9+cmINCCxYudWFR5HTlLW8=">AAAB7nicbVDJSgNBEK1xjXGLevTSGERPYUYEPQa8eEzALJAMoabTkzTpWeiuEcIQ8Be8eFDEq9/jzb+xsxw08UHB470qquoFqZKGXPfbWVvf2NzaLuwUd/f2Dw5LR8dNk2SaiwZPVKLbARqhZCwaJEmJdqoFRoESrWB0N/Vbj0IbmcQPNE6FH+EglqHkSFZqdYdIDC96pbJbcWdgq8RbkDIsUOuVvrr9hGeRiIkrNKbjuSn5OWqSXIlJsZsZkSIf4UB0LI0xEsbPZ+dO2LlV+ixMtK2Y2Ez9PZFjZMw4CmxnhDQ0y95U/M/rZBTe+rmM04xEzOeLwkwxStj0d9aXWnBSY0uQa2lvZXyIGjnZhIo2BG/55VXSvKp4bsWrX5er9ad5HAU4hTO4BA9uoAr3UIMGcBjBM7zCm5M6L8678zFvXXMWEZ7AHzifP6rDj5A=</latexit>

â
<latexit sha1_base64="hEzfBM0ufW+1L5FhHjNY5UJFzu4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jEB84BkCb2T2WTM7MwyMyuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKBXcWN//9tbWNza3tgs7xd29/YPD0tFx06hMU9agSijdjtAwwSVrWG4Fa6eaYRIJ1opGt1O/9ci04Ure23HKwgQHkseconVSsztES7BXKvsVfwaySoIFKcMCtV7pq9tXNEuYtFSgMZ3AT22Yo7acCjYpdjPDUqQjHLCOoxITZsJ8du2EnDulT2KlXUlLZurviRwTY8ZJ5DoTtEOz7E3F/7xOZuObMOcyzSyTdL4ozgSxikxfJ32uGbVi7AhSzd2thA5RI7UuoKILIVh+eZU0LyuBXwnqV+Vq/WkeRwFO4QwuIIBrqMId1KABFB7gGV7hzVPei/fufcxb17xFhCfwB97nD0ifj18=</latexit><latexit sha1_base64="hEzfBM0ufW+1L5FhHjNY5UJFzu4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jEB84BkCb2T2WTM7MwyMyuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKBXcWN//9tbWNza3tgs7xd29/YPD0tFx06hMU9agSijdjtAwwSVrWG4Fa6eaYRIJ1opGt1O/9ci04Ure23HKwgQHkseconVSsztES7BXKvsVfwaySoIFKcMCtV7pq9tXNEuYtFSgMZ3AT22Yo7acCjYpdjPDUqQjHLCOoxITZsJ8du2EnDulT2KlXUlLZurviRwTY8ZJ5DoTtEOz7E3F/7xOZuObMOcyzSyTdL4ozgSxikxfJ32uGbVi7AhSzd2thA5RI7UuoKILIVh+eZU0LyuBXwnqV+Vq/WkeRwFO4QwuIIBrqMId1KABFB7gGV7hzVPei/fufcxb17xFhCfwB97nD0ifj18=</latexit><latexit sha1_base64="hEzfBM0ufW+1L5FhHjNY5UJFzu4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jEB84BkCb2T2WTM7MwyMyuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKBXcWN//9tbWNza3tgs7xd29/YPD0tFx06hMU9agSijdjtAwwSVrWG4Fa6eaYRIJ1opGt1O/9ci04Ure23HKwgQHkseconVSsztES7BXKvsVfwaySoIFKcMCtV7pq9tXNEuYtFSgMZ3AT22Yo7acCjYpdjPDUqQjHLCOoxITZsJ8du2EnDulT2KlXUlLZurviRwTY8ZJ5DoTtEOz7E3F/7xOZuObMOcyzSyTdL4ozgSxikxfJ32uGbVi7AhSzd2thA5RI7UuoKILIVh+eZU0LyuBXwnqV+Vq/WkeRwFO4QwuIIBrqMId1KABFB7gGV7hzVPei/fufcxb17xFhCfwB97nD0ifj18=</latexit><latexit sha1_base64="hEzfBM0ufW+1L5FhHjNY5UJFzu4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jEB84BkCb2T2WTM7MwyMyuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKBXcWN//9tbWNza3tgs7xd29/YPD0tFx06hMU9agSijdjtAwwSVrWG4Fa6eaYRIJ1opGt1O/9ci04Ure23HKwgQHkseconVSsztES7BXKvsVfwaySoIFKcMCtV7pq9tXNEuYtFSgMZ3AT22Yo7acCjYpdjPDUqQjHLCOoxITZsJ8du2EnDulT2KlXUlLZurviRwTY8ZJ5DoTtEOz7E3F/7xOZuObMOcyzSyTdL4ozgSxikxfJ32uGbVi7AhSzd2thA5RI7UuoKILIVh+eZU0LyuBXwnqV+Vq/WkeRwFO4QwuIIBrqMId1KABFB7gGV7hzVPei/fufcxb17xFhCfwB97nD0ifj18=</latexit> b̂

<latexit sha1_base64="9F830CRv8SF5+GlyOZEpqpBmlpQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jEB84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wj26nfeuTGCq3ucZzyMKEDJWLBKDqp2R1SJFGvVPYr/gxklQQLUoYFar3SV7evWZZwhUxSazuBn2KYU4OCST4pdjPLU8pGdMA7jiqacBvms2sn5NwpfRJr40ohmam/J3KaWDtOIteZUBzaZW8q/ud1MoxvwlyoNEOu2HxRnEmCmkxfJ31hOEM5doQyI9ythA2poQxdQEUXQrD88ippXlYCvxLUr8rV+tM8jgKcwhlcQADXUIU7qEEDGDzAM7zCm6e9F+/d+5i3rnmLCE/gD7zPH0ojj2A=</latexit><latexit sha1_base64="9F830CRv8SF5+GlyOZEpqpBmlpQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jEB84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wj26nfeuTGCq3ucZzyMKEDJWLBKDqp2R1SJFGvVPYr/gxklQQLUoYFar3SV7evWZZwhUxSazuBn2KYU4OCST4pdjPLU8pGdMA7jiqacBvms2sn5NwpfRJr40ohmam/J3KaWDtOIteZUBzaZW8q/ud1MoxvwlyoNEOu2HxRnEmCmkxfJ31hOEM5doQyI9ythA2poQxdQEUXQrD88ippXlYCvxLUr8rV+tM8jgKcwhlcQADXUIU7qEEDGDzAM7zCm6e9F+/d+5i3rnmLCE/gD7zPH0ojj2A=</latexit><latexit sha1_base64="9F830CRv8SF5+GlyOZEpqpBmlpQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jEB84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wj26nfeuTGCq3ucZzyMKEDJWLBKDqp2R1SJFGvVPYr/gxklQQLUoYFar3SV7evWZZwhUxSazuBn2KYU4OCST4pdjPLU8pGdMA7jiqacBvms2sn5NwpfRJr40ohmam/J3KaWDtOIteZUBzaZW8q/ud1MoxvwlyoNEOu2HxRnEmCmkxfJ31hOEM5doQyI9ythA2poQxdQEUXQrD88ippXlYCvxLUr8rV+tM8jgKcwhlcQADXUIU7qEEDGDzAM7zCm6e9F+/d+5i3rnmLCE/gD7zPH0ojj2A=</latexit><latexit sha1_base64="9F830CRv8SF5+GlyOZEpqpBmlpQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jEB84BkCbOT2WTM7Mwy0yuEJeAnePGgiFf/x5t/4+Rx0MSChqKqm+6uKJXCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wj26nfeuTGCq3ucZzyMKEDJWLBKDqp2R1SJFGvVPYr/gxklQQLUoYFar3SV7evWZZwhUxSazuBn2KYU4OCST4pdjPLU8pGdMA7jiqacBvms2sn5NwpfRJr40ohmam/J3KaWDtOIteZUBzaZW8q/ud1MoxvwlyoNEOu2HxRnEmCmkxfJ31hOEM5doQyI9ythA2poQxdQEUXQrD88ippXlYCvxLUr8rV+tM8jgKcwhlcQADXUIU7qEEDGDzAM7zCm6e9F+/d+5i3rnmLCE/gD7zPH0ojj2A=</latexit> b̂0
<latexit sha1_base64="GZDNp7OvbL0tQYcp0/FvQSjzeuc=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA9hV0R9Bjw4jEB84BkCbOT2WTI7Owy0yuEJeAvePGgiFe/x5t/4+Rx0MSChqKqm+6uMFXSoud9k7X1jc2t7cJOcXdv/+CwdHTctElmuGjwRCWmHTIrlNSigRKVaKdGsDhUohWO7qZ+61EYKxP9gONUBDEbaBlJztBJre6QIQ0veqWyV/FmoKvEX5AyLFDrlb66/YRnsdDIFbO243spBjkzKLkSk2I3syJlfMQGouOoZrGwQT47d0LPndKnUWJcaaQz9fdEzmJrx3HoOmOGQ7vsTcX/vE6G0W2QS51mKDSfL4oyRTGh099pXxrBUY0dYdxIdyvlQ2YYR5dQ0YXgL7+8SppXFd+r+PXrcrX+NI+jAKdwBpfgww1U4R5q0AAOI3iGV3gjKXkh7+Rj3rpGFhGewB+Qzx+sSI+R</latexit><latexit sha1_base64="GZDNp7OvbL0tQYcp0/FvQSjzeuc=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA9hV0R9Bjw4jEB84BkCbOT2WTI7Owy0yuEJeAvePGgiFe/x5t/4+Rx0MSChqKqm+6uMFXSoud9k7X1jc2t7cJOcXdv/+CwdHTctElmuGjwRCWmHTIrlNSigRKVaKdGsDhUohWO7qZ+61EYKxP9gONUBDEbaBlJztBJre6QIQ0veqWyV/FmoKvEX5AyLFDrlb66/YRnsdDIFbO243spBjkzKLkSk2I3syJlfMQGouOoZrGwQT47d0LPndKnUWJcaaQz9fdEzmJrx3HoOmOGQ7vsTcX/vE6G0W2QS51mKDSfL4oyRTGh099pXxrBUY0dYdxIdyvlQ2YYR5dQ0YXgL7+8SppXFd+r+PXrcrX+NI+jAKdwBpfgww1U4R5q0AAOI3iGV3gjKXkh7+Rj3rpGFhGewB+Qzx+sSI+R</latexit><latexit sha1_base64="GZDNp7OvbL0tQYcp0/FvQSjzeuc=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA9hV0R9Bjw4jEB84BkCbOT2WTI7Owy0yuEJeAvePGgiFe/x5t/4+Rx0MSChqKqm+6uMFXSoud9k7X1jc2t7cJOcXdv/+CwdHTctElmuGjwRCWmHTIrlNSigRKVaKdGsDhUohWO7qZ+61EYKxP9gONUBDEbaBlJztBJre6QIQ0veqWyV/FmoKvEX5AyLFDrlb66/YRnsdDIFbO243spBjkzKLkSk2I3syJlfMQGouOoZrGwQT47d0LPndKnUWJcaaQz9fdEzmJrx3HoOmOGQ7vsTcX/vE6G0W2QS51mKDSfL4oyRTGh099pXxrBUY0dYdxIdyvlQ2YYR5dQ0YXgL7+8SppXFd+r+PXrcrX+NI+jAKdwBpfgww1U4R5q0AAOI3iGV3gjKXkh7+Rj3rpGFhGewB+Qzx+sSI+R</latexit><latexit sha1_base64="GZDNp7OvbL0tQYcp0/FvQSjzeuc=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA9hV0R9Bjw4jEB84BkCbOT2WTI7Owy0yuEJeAvePGgiFe/x5t/4+Rx0MSChqKqm+6uMFXSoud9k7X1jc2t7cJOcXdv/+CwdHTctElmuGjwRCWmHTIrlNSigRKVaKdGsDhUohWO7qZ+61EYKxP9gONUBDEbaBlJztBJre6QIQ0veqWyV/FmoKvEX5AyLFDrlb66/YRnsdDIFbO243spBjkzKLkSk2I3syJlfMQGouOoZrGwQT47d0LPndKnUWJcaaQz9fdEzmJrx3HoOmOGQ7vsTcX/vE6G0W2QS51mKDSfL4oyRTGh099pXxrBUY0dYdxIdyvlQ2YYR5dQ0YXgL7+8SppXFd+r+PXrcrX+NI+jAKdwBpfgww1U4R5q0AAOI3iGV3gjKXkh7+Rj3rpGFhGewB+Qzx+sSI+R</latexit>

â2 = â02 = b̂2 = b̂02 = 1
<latexit sha1_base64="RJL9RtyYibU9KbqFTQd1FI1ZouE=">AAACHHicbZDLSgMxFIbP1Futt1GXboJFdFVmqqAboeDGZQv2Am0tmTTThmYyQ5IRylDwNdz4Km5cKOLGheDbmHYq1tYDgS//fw7J+b2IM6Ud58vKLC2vrK5l13Mbm1vbO/buXk2FsSS0SkIeyoaHFeVM0KpmmtNGJCkOPE7r3uBq7NfvqFQsFDd6GNF2gHuC+YxgbaSOfdrqY43wbRFdohSPk9HvzZvBH8Pt2Hmn4EwKLYI7hTxMq9yxP1rdkMQBFZpwrFTTdSLdTrDUjHA6yrViRSNMBrhHmwYFDqhqJ5PlRujIKF3kh9IcodFEnZ1IcKDUMPBMZ4B1X817Y/E/rxlr/6KdMBHFmgqSPuTHHOkQjZNCXSYp0XxoABPJzF8R6WOJiTZ55kwI7vzKi1ArFlyn4FbO8qXKfRpHFg7gEE7AhXMowTWUoQoEHuAJXuDVerSerTfrPW3NWNMI9+FPWZ/fa2+eRQ==</latexit><latexit sha1_base64="RJL9RtyYibU9KbqFTQd1FI1ZouE=">AAACHHicbZDLSgMxFIbP1Futt1GXboJFdFVmqqAboeDGZQv2Am0tmTTThmYyQ5IRylDwNdz4Km5cKOLGheDbmHYq1tYDgS//fw7J+b2IM6Ud58vKLC2vrK5l13Mbm1vbO/buXk2FsSS0SkIeyoaHFeVM0KpmmtNGJCkOPE7r3uBq7NfvqFQsFDd6GNF2gHuC+YxgbaSOfdrqY43wbRFdohSPk9HvzZvBH8Pt2Hmn4EwKLYI7hTxMq9yxP1rdkMQBFZpwrFTTdSLdTrDUjHA6yrViRSNMBrhHmwYFDqhqJ5PlRujIKF3kh9IcodFEnZ1IcKDUMPBMZ4B1X817Y/E/rxlr/6KdMBHFmgqSPuTHHOkQjZNCXSYp0XxoABPJzF8R6WOJiTZ55kwI7vzKi1ArFlyn4FbO8qXKfRpHFg7gEE7AhXMowTWUoQoEHuAJXuDVerSerTfrPW3NWNMI9+FPWZ/fa2+eRQ==</latexit><latexit sha1_base64="RJL9RtyYibU9KbqFTQd1FI1ZouE=">AAACHHicbZDLSgMxFIbP1Futt1GXboJFdFVmqqAboeDGZQv2Am0tmTTThmYyQ5IRylDwNdz4Km5cKOLGheDbmHYq1tYDgS//fw7J+b2IM6Ud58vKLC2vrK5l13Mbm1vbO/buXk2FsSS0SkIeyoaHFeVM0KpmmtNGJCkOPE7r3uBq7NfvqFQsFDd6GNF2gHuC+YxgbaSOfdrqY43wbRFdohSPk9HvzZvBH8Pt2Hmn4EwKLYI7hTxMq9yxP1rdkMQBFZpwrFTTdSLdTrDUjHA6yrViRSNMBrhHmwYFDqhqJ5PlRujIKF3kh9IcodFEnZ1IcKDUMPBMZ4B1X817Y/E/rxlr/6KdMBHFmgqSPuTHHOkQjZNCXSYp0XxoABPJzF8R6WOJiTZ55kwI7vzKi1ArFlyn4FbO8qXKfRpHFg7gEE7AhXMowTWUoQoEHuAJXuDVerSerTfrPW3NWNMI9+FPWZ/fa2+eRQ==</latexit><latexit sha1_base64="RJL9RtyYibU9KbqFTQd1FI1ZouE=">AAACHHicbZDLSgMxFIbP1Futt1GXboJFdFVmqqAboeDGZQv2Am0tmTTThmYyQ5IRylDwNdz4Km5cKOLGheDbmHYq1tYDgS//fw7J+b2IM6Ud58vKLC2vrK5l13Mbm1vbO/buXk2FsSS0SkIeyoaHFeVM0KpmmtNGJCkOPE7r3uBq7NfvqFQsFDd6GNF2gHuC+YxgbaSOfdrqY43wbRFdohSPk9HvzZvBH8Pt2Hmn4EwKLYI7hTxMq9yxP1rdkMQBFZpwrFTTdSLdTrDUjHA6yrViRSNMBrhHmwYFDqhqJ5PlRujIKF3kh9IcodFEnZ1IcKDUMPBMZ4B1X817Y/E/rxlr/6KdMBHFmgqSPuTHHOkQjZNCXSYp0XxoABPJzF8R6WOJiTZ55kwI7vzKi1ArFlyn4FbO8qXKfRpHFg7gEE7AhXMowTWUoQoEHuAJXuDVerSerTfrPW3NWNMI9+FPWZ/fa2+eRQ==</latexit>

Measure
or

Measure
or

[Ôa, Ôb] = 0
<latexit sha1_base64="x0VOpO/t/UChHzDwwJdWy/SpoqU=">AAACD3icbZBLSwMxFIUzPmt9jbp0EyyKCykzIuhGKLgRXFjBPmBmGO6kmTY08yDJCGUY8Ae48a+4caGIW7fu/Demj4VtPRA4fOeG5J4g5Uwqy/oxFhaXlldWS2vl9Y3NrW1zZ7cpk0wQ2iAJT0Q7AEk5i2lDMcVpOxUUooDTVtC/GuatByokS+J7NUipF0E3ZiEjoDTyzSPH7YHKXQIc3xZ+DsUJniKBhy+x5ZsVq2qNhOeNPTEVNFHdN7/dTkKyiMaKcJDSsa1UeTkIxQinRdnNJE2B9KFLHW1jiKj08tE+BT7UpIPDROgTKzyif2/kEEk5iAI9GYHqydlsCP/LnEyFF17O4jRTNCbjh8KMY5XgYTm4wwQlig+0ASKY/ismPRBAlK6wrEuwZ1eeN83Tqm1V7buzSu3mcVxHCe2jA3SMbHSOauga1VEDEfSEXtAbejeejVfjw/gcjy4Ykwr30JSMr19Mlpvy</latexit><latexit sha1_base64="x0VOpO/t/UChHzDwwJdWy/SpoqU=">AAACD3icbZBLSwMxFIUzPmt9jbp0EyyKCykzIuhGKLgRXFjBPmBmGO6kmTY08yDJCGUY8Ae48a+4caGIW7fu/Demj4VtPRA4fOeG5J4g5Uwqy/oxFhaXlldWS2vl9Y3NrW1zZ7cpk0wQ2iAJT0Q7AEk5i2lDMcVpOxUUooDTVtC/GuatByokS+J7NUipF0E3ZiEjoDTyzSPH7YHKXQIc3xZ+DsUJniKBhy+x5ZsVq2qNhOeNPTEVNFHdN7/dTkKyiMaKcJDSsa1UeTkIxQinRdnNJE2B9KFLHW1jiKj08tE+BT7UpIPDROgTKzyif2/kEEk5iAI9GYHqydlsCP/LnEyFF17O4jRTNCbjh8KMY5XgYTm4wwQlig+0ASKY/ismPRBAlK6wrEuwZ1eeN83Tqm1V7buzSu3mcVxHCe2jA3SMbHSOauga1VEDEfSEXtAbejeejVfjw/gcjy4Ykwr30JSMr19Mlpvy</latexit><latexit sha1_base64="x0VOpO/t/UChHzDwwJdWy/SpoqU=">AAACD3icbZBLSwMxFIUzPmt9jbp0EyyKCykzIuhGKLgRXFjBPmBmGO6kmTY08yDJCGUY8Ae48a+4caGIW7fu/Demj4VtPRA4fOeG5J4g5Uwqy/oxFhaXlldWS2vl9Y3NrW1zZ7cpk0wQ2iAJT0Q7AEk5i2lDMcVpOxUUooDTVtC/GuatByokS+J7NUipF0E3ZiEjoDTyzSPH7YHKXQIc3xZ+DsUJniKBhy+x5ZsVq2qNhOeNPTEVNFHdN7/dTkKyiMaKcJDSsa1UeTkIxQinRdnNJE2B9KFLHW1jiKj08tE+BT7UpIPDROgTKzyif2/kEEk5iAI9GYHqydlsCP/LnEyFF17O4jRTNCbjh8KMY5XgYTm4wwQlig+0ASKY/ismPRBAlK6wrEuwZ1eeN83Tqm1V7buzSu3mcVxHCe2jA3SMbHSOauga1VEDEfSEXtAbejeejVfjw/gcjy4Ykwr30JSMr19Mlpvy</latexit><latexit sha1_base64="x0VOpO/t/UChHzDwwJdWy/SpoqU=">AAACD3icbZBLSwMxFIUzPmt9jbp0EyyKCykzIuhGKLgRXFjBPmBmGO6kmTY08yDJCGUY8Ae48a+4caGIW7fu/Demj4VtPRA4fOeG5J4g5Uwqy/oxFhaXlldWS2vl9Y3NrW1zZ7cpk0wQ2iAJT0Q7AEk5i2lDMcVpOxUUooDTVtC/GuatByokS+J7NUipF0E3ZiEjoDTyzSPH7YHKXQIc3xZ+DsUJniKBhy+x5ZsVq2qNhOeNPTEVNFHdN7/dTkKyiMaKcJDSsa1UeTkIxQinRdnNJE2B9KFLHW1jiKj08tE+BT7UpIPDROgTKzyif2/kEEk5iAI9GYHqydlsCP/LnEyFF17O4jRTNCbjh8KMY5XgYTm4wwQlig+0ASKY/ismPRBAlK6wrEuwZ1eeN83Tqm1V7buzSu3mcVxHCe2jA3SMbHSOauga1VEDEfSEXtAbejeejVfjw/gcjy4Ykwr30JSMr19Mlpvy</latexit>



���21

Review of Bell’s Inequalities

Key idea: I can choose what I measure locally 

Do not have to commute 

But both will only return 

Q vs C distinguished by 

â| ai
<latexit sha1_base64="zc6sW9Getz1F1vwdARP25dC2Y+0=">AAAB/3icbZBLSwMxFIUz9VXrqyq4cRMsgqsyI4IuC25ctmAf0BmGO2nahmYyQ3JHKG1B/4obF4q49W+489+YPhbaeiDwcc4NuTlRKoVB1/12cmvrG5tb+e3Czu7e/kHx8KhhkkwzXmeJTHQrAsOlULyOAiVvpZpDHEnejAa307z5wLURibrHYcqDGHpKdAUDtFZYPPH7gBTo2E+NCIH6GlRP8rBYcsvuTHQVvAWUyELVsPjldxKWxVwhk2BM23NTDEagUTDJJwU/MzwFNoAeb1tUEHMTjGb7T+i5dTq0m2h7FNKZ+/vGCGJjhnFkJ2PAvlnOpuZ/WTvD7k0wEirNkCs2f6ibSYoJnZZBO0JzhnJoAZgWdlfK+qCBoa2sYEvwlr+8Co3LsueWvdpVqVJ7nNeRJ6fkjFwQj1yTCrkjVVInjIzJM3klb86T8+K8Ox/z0ZyzqPCY/JHz+QNr/ZYp</latexit><latexit sha1_base64="zc6sW9Getz1F1vwdARP25dC2Y+0=">AAAB/3icbZBLSwMxFIUz9VXrqyq4cRMsgqsyI4IuC25ctmAf0BmGO2nahmYyQ3JHKG1B/4obF4q49W+489+YPhbaeiDwcc4NuTlRKoVB1/12cmvrG5tb+e3Czu7e/kHx8KhhkkwzXmeJTHQrAsOlULyOAiVvpZpDHEnejAa307z5wLURibrHYcqDGHpKdAUDtFZYPPH7gBTo2E+NCIH6GlRP8rBYcsvuTHQVvAWUyELVsPjldxKWxVwhk2BM23NTDEagUTDJJwU/MzwFNoAeb1tUEHMTjGb7T+i5dTq0m2h7FNKZ+/vGCGJjhnFkJ2PAvlnOpuZ/WTvD7k0wEirNkCs2f6ibSYoJnZZBO0JzhnJoAZgWdlfK+qCBoa2sYEvwlr+8Co3LsueWvdpVqVJ7nNeRJ6fkjFwQj1yTCrkjVVInjIzJM3klb86T8+K8Ox/z0ZyzqPCY/JHz+QNr/ZYp</latexit><latexit sha1_base64="zc6sW9Getz1F1vwdARP25dC2Y+0=">AAAB/3icbZBLSwMxFIUz9VXrqyq4cRMsgqsyI4IuC25ctmAf0BmGO2nahmYyQ3JHKG1B/4obF4q49W+489+YPhbaeiDwcc4NuTlRKoVB1/12cmvrG5tb+e3Czu7e/kHx8KhhkkwzXmeJTHQrAsOlULyOAiVvpZpDHEnejAa307z5wLURibrHYcqDGHpKdAUDtFZYPPH7gBTo2E+NCIH6GlRP8rBYcsvuTHQVvAWUyELVsPjldxKWxVwhk2BM23NTDEagUTDJJwU/MzwFNoAeb1tUEHMTjGb7T+i5dTq0m2h7FNKZ+/vGCGJjhnFkJ2PAvlnOpuZ/WTvD7k0wEirNkCs2f6ibSYoJnZZBO0JzhnJoAZgWdlfK+qCBoa2sYEvwlr+8Co3LsueWvdpVqVJ7nNeRJ6fkjFwQj1yTCrkjVVInjIzJM3klb86T8+K8Ox/z0ZyzqPCY/JHz+QNr/ZYp</latexit><latexit sha1_base64="zc6sW9Getz1F1vwdARP25dC2Y+0=">AAAB/3icbZBLSwMxFIUz9VXrqyq4cRMsgqsyI4IuC25ctmAf0BmGO2nahmYyQ3JHKG1B/4obF4q49W+489+YPhbaeiDwcc4NuTlRKoVB1/12cmvrG5tb+e3Czu7e/kHx8KhhkkwzXmeJTHQrAsOlULyOAiVvpZpDHEnejAa307z5wLURibrHYcqDGHpKdAUDtFZYPPH7gBTo2E+NCIH6GlRP8rBYcsvuTHQVvAWUyELVsPjldxKWxVwhk2BM23NTDEagUTDJJwU/MzwFNoAeb1tUEHMTjGb7T+i5dTq0m2h7FNKZ+/vGCGJjhnFkJ2PAvlnOpuZ/WTvD7k0wEirNkCs2f6ibSYoJnZZBO0JzhnJoAZgWdlfK+qCBoa2sYEvwlr+8Co3LsueWvdpVqVJ7nNeRJ6fkjFwQj1yTCrkjVVInjIzJM3klb86T8+K8Ox/z0ZyzqPCY/JHz+QNr/ZYp</latexit>

â0| ai
<latexit sha1_base64="RozT6QRHoRqKFZWoATohU1mJyOQ=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEV2VGRF0WXDjsgX7gM4w3EnTNjSTGZI7QqkF8a+4caGIW3+GO/+N6WOhrQcCH+fckNwTpVIYdN1vJ7eyura+kd8sbG3v7O4V9w8aJsk043WWyES3IjBcCsXrKFDyVqo5xJHkzWhwM8mb91wbkag7HKY8iKGnRFcwQGuFxSO/D0jhjD74qREhUF+D6kkeFktu2Z2KLoM3hxKZqxoWv/xOwrKYK2QSjGl7borBCDQKJvm44GeGp8AG0ONtiwpiboLRdIExPbVOh3YTbY9COnV/3xhBbMwwjuxkDNg3i9nE/C9rZ9i9DkZCpRlyxWYPdTNJMaGTNmhHaM5QDi0A08L+lbI+aGBoOyvYErzFlZehcVH23LJXuyxVao+zOvLkmJyQc+KRK1Iht6RK6oSRMXkmr+TNeXJenHfnYzaac+YVHpI/cj5/ANDQllo=</latexit><latexit sha1_base64="RozT6QRHoRqKFZWoATohU1mJyOQ=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEV2VGRF0WXDjsgX7gM4w3EnTNjSTGZI7QqkF8a+4caGIW3+GO/+N6WOhrQcCH+fckNwTpVIYdN1vJ7eyura+kd8sbG3v7O4V9w8aJsk043WWyES3IjBcCsXrKFDyVqo5xJHkzWhwM8mb91wbkag7HKY8iKGnRFcwQGuFxSO/D0jhjD74qREhUF+D6kkeFktu2Z2KLoM3hxKZqxoWv/xOwrKYK2QSjGl7borBCDQKJvm44GeGp8AG0ONtiwpiboLRdIExPbVOh3YTbY9COnV/3xhBbMwwjuxkDNg3i9nE/C9rZ9i9DkZCpRlyxWYPdTNJMaGTNmhHaM5QDi0A08L+lbI+aGBoOyvYErzFlZehcVH23LJXuyxVao+zOvLkmJyQc+KRK1Iht6RK6oSRMXkmr+TNeXJenHfnYzaac+YVHpI/cj5/ANDQllo=</latexit><latexit sha1_base64="RozT6QRHoRqKFZWoATohU1mJyOQ=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEV2VGRF0WXDjsgX7gM4w3EnTNjSTGZI7QqkF8a+4caGIW3+GO/+N6WOhrQcCH+fckNwTpVIYdN1vJ7eyura+kd8sbG3v7O4V9w8aJsk043WWyES3IjBcCsXrKFDyVqo5xJHkzWhwM8mb91wbkag7HKY8iKGnRFcwQGuFxSO/D0jhjD74qREhUF+D6kkeFktu2Z2KLoM3hxKZqxoWv/xOwrKYK2QSjGl7borBCDQKJvm44GeGp8AG0ONtiwpiboLRdIExPbVOh3YTbY9COnV/3xhBbMwwjuxkDNg3i9nE/C9rZ9i9DkZCpRlyxWYPdTNJMaGTNmhHaM5QDi0A08L+lbI+aGBoOyvYErzFlZehcVH23LJXuyxVao+zOvLkmJyQc+KRK1Iht6RK6oSRMXkmr+TNeXJenHfnYzaac+YVHpI/cj5/ANDQllo=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wHF6ryUZwjCErpqw2YI91CDkBXw=">AAAB9XicbZA7T8MwFIVveJZSILAwsFhUCKYqYYERiYWxSPQhNVF04zqtVceJbAepCl34KywMIMRfYePf4D4GaDmSpU/n2Lq+J84F18bzvp219Y3Nre3KTnW3trd/4B7W2jorFGUtmolMdWPUTHDJWoYbwbq5YpjGgnXi0e007zwypXkmH8w4Z2GKA8kTTtFYK3KPgyEagufkKcg1j5AECuVAsMitew1vJrIK/gLqsFAzcr+CfkaLlElDBWrd873chCUqw6lgk2pQaJYjHeGA9SxKTJkOy9kCE3JmnT5JMmWPNGTm/n5RYqr1OI3tzRTNUC9nU/O/rFeY5DosucwLwySdD0oKQUxGpm2QPleMGjG2gFRx+1dCh6iQGttZ1ZbgL6+8Cu3Lhu81/HsPKnACp3ABPlzBDdxBE1pAYQIv8AbvzrPz6nzM61pzFr0dwR85nz81EpRg</latexit><latexit sha1_base64="wHF6ryUZwjCErpqw2YI91CDkBXw=">AAAB9XicbZA7T8MwFIVveJZSILAwsFhUCKYqYYERiYWxSPQhNVF04zqtVceJbAepCl34KywMIMRfYePf4D4GaDmSpU/n2Lq+J84F18bzvp219Y3Nre3KTnW3trd/4B7W2jorFGUtmolMdWPUTHDJWoYbwbq5YpjGgnXi0e007zwypXkmH8w4Z2GKA8kTTtFYK3KPgyEagufkKcg1j5AECuVAsMitew1vJrIK/gLqsFAzcr+CfkaLlElDBWrd873chCUqw6lgk2pQaJYjHeGA9SxKTJkOy9kCE3JmnT5JMmWPNGTm/n5RYqr1OI3tzRTNUC9nU/O/rFeY5DosucwLwySdD0oKQUxGpm2QPleMGjG2gFRx+1dCh6iQGttZ1ZbgL6+8Cu3Lhu81/HsPKnACp3ABPlzBDdxBE1pAYQIv8AbvzrPz6nzM61pzFr0dwR85nz81EpRg</latexit><latexit sha1_base64="FaWUbXUN+B0zFLuIvq/wjl0a5tA=">AAACAHicbZBLSwMxFIUzPmt9jbpw4SZYRFdlxo0uC25ctmAf0BnKnTRtQzOZIbkjlLEg/hU3LhRx689w578xfSy09UDg45wbknuiVAqDnvftrKyurW9sFraK2zu7e/vuwWHDJJlmvM4SmehWBIZLoXgdBUreSjWHOJK8GQ1vJnnznmsjEnWHo5SHMfSV6AkGaK2OexwMACmc04cgNaIDNNCg+pJ33JJX9qaiy+DPoUTmqnbcr6CbsCzmCpkEY9q+l2KYg0bBJB8Xg8zwFNgQ+rxtUUHMTZhPFxjTM+t0aS/R9iikU/f3jRxiY0ZxZCdjwIFZzCbmf1k7w951mAuVZsgVmz3UyyTFhE7aoF2hOUM5sgBMC/tXygaggaHtrGhL8BdXXobGZdn3yn7NK1Vqj7M6CuSEnJIL4pMrUiG3pErqhJExeSav5M15cl6cd+djNrrizCs8In/kfP4Az5CWVg==</latexit><latexit sha1_base64="RozT6QRHoRqKFZWoATohU1mJyOQ=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEV2VGRF0WXDjsgX7gM4w3EnTNjSTGZI7QqkF8a+4caGIW3+GO/+N6WOhrQcCH+fckNwTpVIYdN1vJ7eyura+kd8sbG3v7O4V9w8aJsk043WWyES3IjBcCsXrKFDyVqo5xJHkzWhwM8mb91wbkag7HKY8iKGnRFcwQGuFxSO/D0jhjD74qREhUF+D6kkeFktu2Z2KLoM3hxKZqxoWv/xOwrKYK2QSjGl7borBCDQKJvm44GeGp8AG0ONtiwpiboLRdIExPbVOh3YTbY9COnV/3xhBbMwwjuxkDNg3i9nE/C9rZ9i9DkZCpRlyxWYPdTNJMaGTNmhHaM5QDi0A08L+lbI+aGBoOyvYErzFlZehcVH23LJXuyxVao+zOvLkmJyQc+KRK1Iht6RK6oSRMXkmr+TNeXJenHfnYzaac+YVHpI/cj5/ANDQllo=</latexit><latexit sha1_base64="RozT6QRHoRqKFZWoATohU1mJyOQ=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEV2VGRF0WXDjsgX7gM4w3EnTNjSTGZI7QqkF8a+4caGIW3+GO/+N6WOhrQcCH+fckNwTpVIYdN1vJ7eyura+kd8sbG3v7O4V9w8aJsk043WWyES3IjBcCsXrKFDyVqo5xJHkzWhwM8mb91wbkag7HKY8iKGnRFcwQGuFxSO/D0jhjD74qREhUF+D6kkeFktu2Z2KLoM3hxKZqxoWv/xOwrKYK2QSjGl7borBCDQKJvm44GeGp8AG0ONtiwpiboLRdIExPbVOh3YTbY9COnV/3xhBbMwwjuxkDNg3i9nE/C9rZ9i9DkZCpRlyxWYPdTNJMaGTNmhHaM5QDi0A08L+lbI+aGBoOyvYErzFlZehcVH23LJXuyxVao+zOvLkmJyQc+KRK1Iht6RK6oSRMXkmr+TNeXJenHfnYzaac+YVHpI/cj5/ANDQllo=</latexit><latexit sha1_base64="RozT6QRHoRqKFZWoATohU1mJyOQ=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEV2VGRF0WXDjsgX7gM4w3EnTNjSTGZI7QqkF8a+4caGIW3+GO/+N6WOhrQcCH+fckNwTpVIYdN1vJ7eyura+kd8sbG3v7O4V9w8aJsk043WWyES3IjBcCsXrKFDyVqo5xJHkzWhwM8mb91wbkag7HKY8iKGnRFcwQGuFxSO/D0jhjD74qREhUF+D6kkeFktu2Z2KLoM3hxKZqxoWv/xOwrKYK2QSjGl7borBCDQKJvm44GeGp8AG0ONtiwpiboLRdIExPbVOh3YTbY9COnV/3xhBbMwwjuxkDNg3i9nE/C9rZ9i9DkZCpRlyxWYPdTNJMaGTNmhHaM5QDi0A08L+lbI+aGBoOyvYErzFlZehcVH23LJXuyxVao+zOvLkmJyQc+KRK1Iht6RK6oSRMXkmr+TNeXJenHfnYzaac+YVHpI/cj5/ANDQllo=</latexit><latexit sha1_base64="RozT6QRHoRqKFZWoATohU1mJyOQ=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEV2VGRF0WXDjsgX7gM4w3EnTNjSTGZI7QqkF8a+4caGIW3+GO/+N6WOhrQcCH+fckNwTpVIYdN1vJ7eyura+kd8sbG3v7O4V9w8aJsk043WWyES3IjBcCsXrKFDyVqo5xJHkzWhwM8mb91wbkag7HKY8iKGnRFcwQGuFxSO/D0jhjD74qREhUF+D6kkeFktu2Z2KLoM3hxKZqxoWv/xOwrKYK2QSjGl7borBCDQKJvm44GeGp8AG0ONtiwpiboLRdIExPbVOh3YTbY9COnV/3xhBbMwwjuxkDNg3i9nE/C9rZ9i9DkZCpRlyxWYPdTNJMaGTNmhHaM5QDi0A08L+lbI+aGBoOyvYErzFlZehcVH23LJXuyxVao+zOvLkmJyQc+KRK1Iht6RK6oSRMXkmr+TNeXJenHfnYzaac+YVHpI/cj5/ANDQllo=</latexit><latexit sha1_base64="RozT6QRHoRqKFZWoATohU1mJyOQ=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEV2VGRF0WXDjsgX7gM4w3EnTNjSTGZI7QqkF8a+4caGIW3+GO/+N6WOhrQcCH+fckNwTpVIYdN1vJ7eyura+kd8sbG3v7O4V9w8aJsk043WWyES3IjBcCsXrKFDyVqo5xJHkzWhwM8mb91wbkag7HKY8iKGnRFcwQGuFxSO/D0jhjD74qREhUF+D6kkeFktu2Z2KLoM3hxKZqxoWv/xOwrKYK2QSjGl7borBCDQKJvm44GeGp8AG0ONtiwpiboLRdIExPbVOh3YTbY9COnV/3xhBbMwwjuxkDNg3i9nE/C9rZ9i9DkZCpRlyxWYPdTNJMaGTNmhHaM5QDi0A08L+lbI+aGBoOyvYErzFlZehcVH23LJXuyxVao+zOvLkmJyQc+KRK1Iht6RK6oSRMXkmr+TNeXJenHfnYzaac+YVHpI/cj5/ANDQllo=</latexit><latexit sha1_base64="RozT6QRHoRqKFZWoATohU1mJyOQ=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEV2VGRF0WXDjsgX7gM4w3EnTNjSTGZI7QqkF8a+4caGIW3+GO/+N6WOhrQcCH+fckNwTpVIYdN1vJ7eyura+kd8sbG3v7O4V9w8aJsk043WWyES3IjBcCsXrKFDyVqo5xJHkzWhwM8mb91wbkag7HKY8iKGnRFcwQGuFxSO/D0jhjD74qREhUF+D6kkeFktu2Z2KLoM3hxKZqxoWv/xOwrKYK2QSjGl7borBCDQKJvm44GeGp8AG0ONtiwpiboLRdIExPbVOh3YTbY9COnV/3xhBbMwwjuxkDNg3i9nE/C9rZ9i9DkZCpRlyxWYPdTNJMaGTNmhHaM5QDi0A08L+lbI+aGBoOyvYErzFlZehcVH23LJXuyxVao+zOvLkmJyQc+KRK1Iht6RK6oSRMXkmr+TNeXJenHfnYzaac+YVHpI/cj5/ANDQllo=</latexit>

[â, â0] 6= 0
<latexit sha1_base64="k4dDNvFKgoiRli+2u6kx6DBSjsc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEF1ISEXRZcCO4qWAf0IQymd60QyeTODMRSii68FfcuFDErV/hzr9x2nShrQcu93DOvczcEyScKe0431ZhYXFpeaW4Wlpb39jcsrd3GipOJYU6jXksWwFRwJmAumaaQyuRQKKAQzMYXI795j1IxWJxq4cJ+BHpCRYySrSROvZe2+sTjckJzvsR9rEn4A47HbvsVJwJ8Dxxp6SMpqh17C+vG9M0AqEpJ0q1XSfRfkakZpTDqOSlChJCB6QHbUMFiUD52eSEET40SheHsTQlNJ6ovzcyEik1jAIzGRHdV7PeWPzPa6c6vPAzJpJUg6D5Q2HKsY7xOA/cZRKo5kNDCJXM/BXTPpGEapNayYTgzp48TxqnFdepuDdn5er1Yx5HEe2jA3SMXHSOqugK1VAdUfSAntErerOerBfr3frIRwvWNMJd9AfW5w8eBpW9</latexit><latexit sha1_base64="k4dDNvFKgoiRli+2u6kx6DBSjsc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEF1ISEXRZcCO4qWAf0IQymd60QyeTODMRSii68FfcuFDErV/hzr9x2nShrQcu93DOvczcEyScKe0431ZhYXFpeaW4Wlpb39jcsrd3GipOJYU6jXksWwFRwJmAumaaQyuRQKKAQzMYXI795j1IxWJxq4cJ+BHpCRYySrSROvZe2+sTjckJzvsR9rEn4A47HbvsVJwJ8Dxxp6SMpqh17C+vG9M0AqEpJ0q1XSfRfkakZpTDqOSlChJCB6QHbUMFiUD52eSEET40SheHsTQlNJ6ovzcyEik1jAIzGRHdV7PeWPzPa6c6vPAzJpJUg6D5Q2HKsY7xOA/cZRKo5kNDCJXM/BXTPpGEapNayYTgzp48TxqnFdepuDdn5er1Yx5HEe2jA3SMXHSOqugK1VAdUfSAntErerOerBfr3frIRwvWNMJd9AfW5w8eBpW9</latexit><latexit sha1_base64="k4dDNvFKgoiRli+2u6kx6DBSjsc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEF1ISEXRZcCO4qWAf0IQymd60QyeTODMRSii68FfcuFDErV/hzr9x2nShrQcu93DOvczcEyScKe0431ZhYXFpeaW4Wlpb39jcsrd3GipOJYU6jXksWwFRwJmAumaaQyuRQKKAQzMYXI795j1IxWJxq4cJ+BHpCRYySrSROvZe2+sTjckJzvsR9rEn4A47HbvsVJwJ8Dxxp6SMpqh17C+vG9M0AqEpJ0q1XSfRfkakZpTDqOSlChJCB6QHbUMFiUD52eSEET40SheHsTQlNJ6ovzcyEik1jAIzGRHdV7PeWPzPa6c6vPAzJpJUg6D5Q2HKsY7xOA/cZRKo5kNDCJXM/BXTPpGEapNayYTgzp48TxqnFdepuDdn5er1Yx5HEe2jA3SMXHSOqugK1VAdUfSAntErerOerBfr3frIRwvWNMJd9AfW5w8eBpW9</latexit><latexit sha1_base64="k4dDNvFKgoiRli+2u6kx6DBSjsc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEF1ISEXRZcCO4qWAf0IQymd60QyeTODMRSii68FfcuFDErV/hzr9x2nShrQcu93DOvczcEyScKe0431ZhYXFpeaW4Wlpb39jcsrd3GipOJYU6jXksWwFRwJmAumaaQyuRQKKAQzMYXI795j1IxWJxq4cJ+BHpCRYySrSROvZe2+sTjckJzvsR9rEn4A47HbvsVJwJ8Dxxp6SMpqh17C+vG9M0AqEpJ0q1XSfRfkakZpTDqOSlChJCB6QHbUMFiUD52eSEET40SheHsTQlNJ6ovzcyEik1jAIzGRHdV7PeWPzPa6c6vPAzJpJUg6D5Q2HKsY7xOA/cZRKo5kNDCJXM/BXTPpGEapNayYTgzp48TxqnFdepuDdn5er1Yx5HEe2jA3SMXHSOqugK1VAdUfSAntErerOerBfr3frIRwvWNMJd9AfW5w8eBpW9</latexit>

±1
<latexit sha1_base64="1pkiI8QuRjjBAWa81/K7O29l24c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBDcJJEuYnUySITOzy0yvEJaAf+DFgyJe/SBv/o2Tx0ETCxqKqm66u+JUCou+/+0V1tY3NreK26Wd3b39g/LhUcMmmWE8ZIlMTCumlkuheYgCJW+lhlMVS96MRzdTv/nIjRWJfsBxyiNFB1r0BaPopLCTKhJ0yxW/6s9AVkmwIBVYoN4tf3V6CcsU18gktbYd+ClGOTUomOSTUiezPKVsRAe87aimitsonx07IWdO6ZF+YlxpJDP190ROlbVjFbtORXFol72p+J/XzrB/HeVCpxlyzeaL+pkkmJDp56QnDGcox45QZoS7lbAhNZShy6fkQgiWX14ljYtq4FeD+8tK7e5pHkcRTuAUziGAK6jBLdQhBAYCnuEV3jztvXjv3se8teAtIjyGP/A+fwBFuY6/</latexit><latexit sha1_base64="1pkiI8QuRjjBAWa81/K7O29l24c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBDcJJEuYnUySITOzy0yvEJaAf+DFgyJe/SBv/o2Tx0ETCxqKqm66u+JUCou+/+0V1tY3NreK26Wd3b39g/LhUcMmmWE8ZIlMTCumlkuheYgCJW+lhlMVS96MRzdTv/nIjRWJfsBxyiNFB1r0BaPopLCTKhJ0yxW/6s9AVkmwIBVYoN4tf3V6CcsU18gktbYd+ClGOTUomOSTUiezPKVsRAe87aimitsonx07IWdO6ZF+YlxpJDP190ROlbVjFbtORXFol72p+J/XzrB/HeVCpxlyzeaL+pkkmJDp56QnDGcox45QZoS7lbAhNZShy6fkQgiWX14ljYtq4FeD+8tK7e5pHkcRTuAUziGAK6jBLdQhBAYCnuEV3jztvXjv3se8teAtIjyGP/A+fwBFuY6/</latexit><latexit sha1_base64="1pkiI8QuRjjBAWa81/K7O29l24c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBDcJJEuYnUySITOzy0yvEJaAf+DFgyJe/SBv/o2Tx0ETCxqKqm66u+JUCou+/+0V1tY3NreK26Wd3b39g/LhUcMmmWE8ZIlMTCumlkuheYgCJW+lhlMVS96MRzdTv/nIjRWJfsBxyiNFB1r0BaPopLCTKhJ0yxW/6s9AVkmwIBVYoN4tf3V6CcsU18gktbYd+ClGOTUomOSTUiezPKVsRAe87aimitsonx07IWdO6ZF+YlxpJDP190ROlbVjFbtORXFol72p+J/XzrB/HeVCpxlyzeaL+pkkmJDp56QnDGcox45QZoS7lbAhNZShy6fkQgiWX14ljYtq4FeD+8tK7e5pHkcRTuAUziGAK6jBLdQhBAYCnuEV3jztvXjv3se8teAtIjyGP/A+fwBFuY6/</latexit><latexit sha1_base64="1pkiI8QuRjjBAWa81/K7O29l24c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBDcJJEuYnUySITOzy0yvEJaAf+DFgyJe/SBv/o2Tx0ETCxqKqm66u+JUCou+/+0V1tY3NreK26Wd3b39g/LhUcMmmWE8ZIlMTCumlkuheYgCJW+lhlMVS96MRzdTv/nIjRWJfsBxyiNFB1r0BaPopLCTKhJ0yxW/6s9AVkmwIBVYoN4tf3V6CcsU18gktbYd+ClGOTUomOSTUiezPKVsRAe87aimitsonx07IWdO6ZF+YlxpJDP190ROlbVjFbtORXFol72p+J/XzrB/HeVCpxlyzeaL+pkkmJDp56QnDGcox45QZoS7lbAhNZShy6fkQgiWX14ljYtq4FeD+8tK7e5pHkcRTuAUziGAK6jBLdQhBAYCnuEV3jztvXjv3se8teAtIjyGP/A+fwBFuY6/</latexit>

[pure or mixed state]

Ĉ = âb̂+ â0b̂+ â0b̂0 � âb̂0
<latexit sha1_base64="L3kIMKn6DeokLnlOtZuVxt4cJZc=">AAACLHicbVBNS8NAEJ3Ur1q/oh69LBapIJZEBL0IhYJ4rGA/oA1ls920SzebsLsRSugP8uJfEcSDRbz6O0zSILU6sDtv3pthd54bcqa0Zc2Mwsrq2vpGcbO0tb2zu2fuH7RUEElCmyTggey4WFHOBG1qpjnthJJi3+W07Y7rqd5+pFKxQDzoSUgdHw8F8xjBOqH6Zr03whrV0Q3KAM5u5J7Nq0qW8uqnrJwv9LqVUt8sW1UrC/QX2DkoQx6NvvnaGwQk8qnQhGOlurYVaifGUjPC6bTUixQNMRnjIe0mUGCfKifOlp2ik4QZIC+QyREaZeziRIx9pSa+m3T6WI/UspaS/2ndSHvXTsxEGGkqyPwhL+JIByh1Dg2YpETzSQIwkSz5KyIjLDHRib+pCfbyyn9B66JqW1X7/rJcu83tKMIRHMMp2HAFNbiDBjSBwBO8wDvMjGfjzfgwPuetBSOfOYRfYXx9A1xlpAM=</latexit><latexit sha1_base64="L3kIMKn6DeokLnlOtZuVxt4cJZc=">AAACLHicbVBNS8NAEJ3Ur1q/oh69LBapIJZEBL0IhYJ4rGA/oA1ls920SzebsLsRSugP8uJfEcSDRbz6O0zSILU6sDtv3pthd54bcqa0Zc2Mwsrq2vpGcbO0tb2zu2fuH7RUEElCmyTggey4WFHOBG1qpjnthJJi3+W07Y7rqd5+pFKxQDzoSUgdHw8F8xjBOqH6Zr03whrV0Q3KAM5u5J7Nq0qW8uqnrJwv9LqVUt8sW1UrC/QX2DkoQx6NvvnaGwQk8qnQhGOlurYVaifGUjPC6bTUixQNMRnjIe0mUGCfKifOlp2ik4QZIC+QyREaZeziRIx9pSa+m3T6WI/UspaS/2ndSHvXTsxEGGkqyPwhL+JIByh1Dg2YpETzSQIwkSz5KyIjLDHRib+pCfbyyn9B66JqW1X7/rJcu83tKMIRHMMp2HAFNbiDBjSBwBO8wDvMjGfjzfgwPuetBSOfOYRfYXx9A1xlpAM=</latexit><latexit sha1_base64="L3kIMKn6DeokLnlOtZuVxt4cJZc=">AAACLHicbVBNS8NAEJ3Ur1q/oh69LBapIJZEBL0IhYJ4rGA/oA1ls920SzebsLsRSugP8uJfEcSDRbz6O0zSILU6sDtv3pthd54bcqa0Zc2Mwsrq2vpGcbO0tb2zu2fuH7RUEElCmyTggey4WFHOBG1qpjnthJJi3+W07Y7rqd5+pFKxQDzoSUgdHw8F8xjBOqH6Zr03whrV0Q3KAM5u5J7Nq0qW8uqnrJwv9LqVUt8sW1UrC/QX2DkoQx6NvvnaGwQk8qnQhGOlurYVaifGUjPC6bTUixQNMRnjIe0mUGCfKifOlp2ik4QZIC+QyREaZeziRIx9pSa+m3T6WI/UspaS/2ndSHvXTsxEGGkqyPwhL+JIByh1Dg2YpETzSQIwkSz5KyIjLDHRib+pCfbyyn9B66JqW1X7/rJcu83tKMIRHMMp2HAFNbiDBjSBwBO8wDvMjGfjzfgwPuetBSOfOYRfYXx9A1xlpAM=</latexit><latexit sha1_base64="L3kIMKn6DeokLnlOtZuVxt4cJZc=">AAACLHicbVBNS8NAEJ3Ur1q/oh69LBapIJZEBL0IhYJ4rGA/oA1ls920SzebsLsRSugP8uJfEcSDRbz6O0zSILU6sDtv3pthd54bcqa0Zc2Mwsrq2vpGcbO0tb2zu2fuH7RUEElCmyTggey4WFHOBG1qpjnthJJi3+W07Y7rqd5+pFKxQDzoSUgdHw8F8xjBOqH6Zr03whrV0Q3KAM5u5J7Nq0qW8uqnrJwv9LqVUt8sW1UrC/QX2DkoQx6NvvnaGwQk8qnQhGOlurYVaifGUjPC6bTUixQNMRnjIe0mUGCfKifOlp2ik4QZIC+QyREaZeziRIx9pSa+m3T6WI/UspaS/2ndSHvXTsxEGGkqyPwhL+JIByh1Dg2YpETzSQIwkSz5KyIjLDHRib+pCfbyyn9B66JqW1X7/rJcu83tKMIRHMMp2HAFNbiDBjSBwBO8wDvMjGfjzfgwPuetBSOfOYRfYXx9A1xlpAM=</latexit>



���22

The central challenge in cosmology is that  

Suppressed by the volume of  the universe 

This is completely equivalent to classical statistics 

[⇣(~x, t), ⇣̇(~x0, t)] / 1p
�g

�(~x� ~x0) =
1

a3
�(~x� ~x0)

<latexit sha1_base64="KgQ4wa+mgy04B1Er3alv4YHWCvM="></latexit><latexit sha1_base64="KgQ4wa+mgy04B1Er3alv4YHWCvM="></latexit><latexit sha1_base64="KgQ4wa+mgy04B1Er3alv4YHWCvM="></latexit><latexit sha1_base64="KgQ4wa+mgy04B1Er3alv4YHWCvM="></latexit>

h⇣̂(~x, t) . . .i =
Z

d⇣ (⇣(~x, t) . . .) | [⇣]|2
<latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="N6s/WPpSiCL0leAIGtHeAeqMl44="></latexit><latexit sha1_base64="N6s/WPpSiCL0leAIGtHeAeqMl44="></latexit><latexit sha1_base64="VtvRU+UuCmGk9+MUkVyW1kjbkyI="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit>

| [⇣]|2 ! P [⇣]
<latexit sha1_base64="sYpfmXVDu9XwNS2/BKyvn/zs/nY=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUmKoMuCG8FNBPuAJpbJdNIOnTyYmQg1LQhu/BU3LhRx6ze482+cNl1o64ELh3PuZeYcP+FMKsv6NgpLyyura8X10sbm1vaOubvXkHEqCK2TmMei5WNJOYtoXTHFaSsRFIc+p01/cDHxm3dUSBZHN2qYUC/EvYgFjGClpY55OHIdydruPVUYeaPbKnJVjJxc8Dpm2apYU6BFYs9IGWZwOuaX241JGtJIEY6lbNtWorwMC8UIp+OSm0qaYDLAPdrWNMIhlV42jTFGx1rpoiAWeiKFpurviwyHUg5DX2+GWPXlvDcR//PaqQrOvYxFSapoRPKHgpQjnXTSCeoyQYniQ00wEUz/FZE+Fpgo3VxJl2DPR14kjWrFtir29Wm5dvWQ11GEAziCE7DhDGpwCQ7UgcAjPMMrvBlPxovxbnzkqwVjVuE+/IHx+QN2c5jl</latexit><latexit sha1_base64="sYpfmXVDu9XwNS2/BKyvn/zs/nY=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUmKoMuCG8FNBPuAJpbJdNIOnTyYmQg1LQhu/BU3LhRx6ze482+cNl1o64ELh3PuZeYcP+FMKsv6NgpLyyura8X10sbm1vaOubvXkHEqCK2TmMei5WNJOYtoXTHFaSsRFIc+p01/cDHxm3dUSBZHN2qYUC/EvYgFjGClpY55OHIdydruPVUYeaPbKnJVjJxc8Dpm2apYU6BFYs9IGWZwOuaX241JGtJIEY6lbNtWorwMC8UIp+OSm0qaYDLAPdrWNMIhlV42jTFGx1rpoiAWeiKFpurviwyHUg5DX2+GWPXlvDcR//PaqQrOvYxFSapoRPKHgpQjnXTSCeoyQYniQ00wEUz/FZE+Fpgo3VxJl2DPR14kjWrFtir29Wm5dvWQ11GEAziCE7DhDGpwCQ7UgcAjPMMrvBlPxovxbnzkqwVjVuE+/IHx+QN2c5jl</latexit><latexit sha1_base64="sYpfmXVDu9XwNS2/BKyvn/zs/nY=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUmKoMuCG8FNBPuAJpbJdNIOnTyYmQg1LQhu/BU3LhRx6ze482+cNl1o64ELh3PuZeYcP+FMKsv6NgpLyyura8X10sbm1vaOubvXkHEqCK2TmMei5WNJOYtoXTHFaSsRFIc+p01/cDHxm3dUSBZHN2qYUC/EvYgFjGClpY55OHIdydruPVUYeaPbKnJVjJxc8Dpm2apYU6BFYs9IGWZwOuaX241JGtJIEY6lbNtWorwMC8UIp+OSm0qaYDLAPdrWNMIhlV42jTFGx1rpoiAWeiKFpurviwyHUg5DX2+GWPXlvDcR//PaqQrOvYxFSapoRPKHgpQjnXTSCeoyQYniQ00wEUz/FZE+Fpgo3VxJl2DPR14kjWrFtir29Wm5dvWQ11GEAziCE7DhDGpwCQ7UgcAjPMMrvBlPxovxbnzkqwVjVuE+/IHx+QN2c5jl</latexit><latexit sha1_base64="sYpfmXVDu9XwNS2/BKyvn/zs/nY=">AAACBnicbVDLSsNAFL2pr1pfUZciDBbBVUmKoMuCG8FNBPuAJpbJdNIOnTyYmQg1LQhu/BU3LhRx6ze482+cNl1o64ELh3PuZeYcP+FMKsv6NgpLyyura8X10sbm1vaOubvXkHEqCK2TmMei5WNJOYtoXTHFaSsRFIc+p01/cDHxm3dUSBZHN2qYUC/EvYgFjGClpY55OHIdydruPVUYeaPbKnJVjJxc8Dpm2apYU6BFYs9IGWZwOuaX241JGtJIEY6lbNtWorwMC8UIp+OSm0qaYDLAPdrWNMIhlV42jTFGx1rpoiAWeiKFpurviwyHUg5DX2+GWPXlvDcR//PaqQrOvYxFSapoRPKHgpQjnXTSCeoyQYniQ00wEUz/FZE+Fpgo3VxJl2DPR14kjWrFtir29Wm5dvWQ11GEAziCE7DhDGpwCQ7UgcAjPMMrvBlPxovxbnzkqwVjVuE+/IHx+QN2c5jl</latexit>

Challenge for Cosmology

e.g. Grishchuk & Sidorov
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A Signal of a  

Quantum Universe
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Our only hope is to use statistics.  Since 

We must ask whether 

I.e. possible final probably distribution different 

Need to understand of how we generate  

h⇣̂(~x, t) . . .i =
Z

d⇣ (⇣(~x, t) . . .) | [⇣]|2
<latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="N6s/WPpSiCL0leAIGtHeAeqMl44="></latexit><latexit sha1_base64="N6s/WPpSiCL0leAIGtHeAeqMl44="></latexit><latexit sha1_base64="VtvRU+UuCmGk9+MUkVyW1kjbkyI="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit><latexit sha1_base64="kHDtEpH3OBmqyKv3CyD7QhH2XHc="></latexit>

| [⇣]|2 ! P [⇣] 6= Pclassical[⇣]
<latexit sha1_base64="KZQL7r7dej6pjNY66aUUjETacR4="></latexit><latexit sha1_base64="KZQL7r7dej6pjNY66aUUjETacR4="></latexit><latexit sha1_base64="KZQL7r7dej6pjNY66aUUjETacR4="></latexit><latexit sha1_base64="KZQL7r7dej6pjNY66aUUjETacR4="></latexit>

P [⇣]
<latexit sha1_base64="fmHZ1Ej1CsgfXZZ8FW6BVquBRfo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAzRJmJ73JkNnZdWZWiEvAb/DiQRGv/o43/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmWLYYIlIVDukGgWX2DDcCGynCmkcCmyFw6uJ33pApXki78woxSCmfckjzqixUrvudx7R0KBbrrhVdwqyTLw5qcAc9W75q9NLWBajNExQrX3PTU2QU2U4EzgudTKNKWVD2kffUklj1EE+vXdMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//P8zESXQc5lmhmUbLYoygQxCZk8T3pcITNiZAllittbCRtQRZmxEZVsCN7iy8ukeVb13Kp3e16p3TzN4ijCERzDKXhwATW4hjo0gIGAZ3iFN+feeXHenY9Za8GZR3gIf+B8/gAWrJBr</latexit><latexit sha1_base64="fmHZ1Ej1CsgfXZZ8FW6BVquBRfo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAzRJmJ73JkNnZdWZWiEvAb/DiQRGv/o43/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmWLYYIlIVDukGgWX2DDcCGynCmkcCmyFw6uJ33pApXki78woxSCmfckjzqixUrvudx7R0KBbrrhVdwqyTLw5qcAc9W75q9NLWBajNExQrX3PTU2QU2U4EzgudTKNKWVD2kffUklj1EE+vXdMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//P8zESXQc5lmhmUbLYoygQxCZk8T3pcITNiZAllittbCRtQRZmxEZVsCN7iy8ukeVb13Kp3e16p3TzN4ijCERzDKXhwATW4hjo0gIGAZ3iFN+feeXHenY9Za8GZR3gIf+B8/gAWrJBr</latexit><latexit sha1_base64="fmHZ1Ej1CsgfXZZ8FW6BVquBRfo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAzRJmJ73JkNnZdWZWiEvAb/DiQRGv/o43/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmWLYYIlIVDukGgWX2DDcCGynCmkcCmyFw6uJ33pApXki78woxSCmfckjzqixUrvudx7R0KBbrrhVdwqyTLw5qcAc9W75q9NLWBajNExQrX3PTU2QU2U4EzgudTKNKWVD2kffUklj1EE+vXdMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//P8zESXQc5lmhmUbLYoygQxCZk8T3pcITNiZAllittbCRtQRZmxEZVsCN7iy8ukeVb13Kp3e16p3TzN4ijCERzDKXhwATW4hjo0gIGAZ3iFN+feeXHenY9Za8GZR3gIf+B8/gAWrJBr</latexit><latexit sha1_base64="fmHZ1Ej1CsgfXZZ8FW6BVquBRfo=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAzRJmJ73JkNnZdWZWiEvAb/DiQRGv/o43/8bJ46CJBQ1FVTfdXWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QVMnmWLYYIlIVDukGgWX2DDcCGynCmkcCmyFw6uJ33pApXki78woxSCmfckjzqixUrvudx7R0KBbrrhVdwqyTLw5qcAc9W75q9NLWBajNExQrX3PTU2QU2U4EzgudTKNKWVD2kffUklj1EE+vXdMTqzSI1GibElDpurviZzGWo/i0HbG1Az0ojcR//P8zESXQc5lmhmUbLYoygQxCZk8T3pcITNiZAllittbCRtQRZmxEZVsCN7iy8ukeVb13Kp3e16p3TzN4ijCERzDKXhwATW4hjo0gIGAZ3iFN+feeXHenY9Za8GZR3gIf+B8/gAWrJBr</latexit>

Key Ideas
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Can the evolution itself act as a Bell measurement 

Not obviously classical when  

?

Key Ideas

P (O) = |

X

j

Ai|
2

<latexit sha1_base64="CDmBu+6zXwXJWeN1piM/1CNF5RY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5IUQTdC1Y07K9gHNDFMptN27GQSZiZCSfMDbvwVNy4UcevenX/jtM1CWw9cOJxzL/fe40eMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtHwkCaOc1BVVjLQiQVDgM9L0B5djv/lAhKQhv1XDiLgB6nHapRgpLXnmQa2UOBgxeJ0ewTM4cmQcePdT6Tz1EpqO7iqeWbTK1gRwntgZKYIMNc/8cjohjgPCFWZIyrZtRcpNkFAUM5IWnFiSCOEB6pG2phwFRLrJ5JsUHmqlA7uh0MUVnKi/JxIUSDkMfN0ZINWXs95Y/M9rx6p76iaUR7EiHE8XdWMGVQjH0cAOFQQrNtQEYUH1rRD3kUBY6QALOgR79uV50qiUbats3xwXqxdZHHmwB/ZBCdjgBFTBFaiBOsDgETyDV/BmPBkvxrvxMW3NGdnMLvgD4/MH10uayw==</latexit><latexit sha1_base64="CDmBu+6zXwXJWeN1piM/1CNF5RY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5IUQTdC1Y07K9gHNDFMptN27GQSZiZCSfMDbvwVNy4UcevenX/jtM1CWw9cOJxzL/fe40eMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtHwkCaOc1BVVjLQiQVDgM9L0B5djv/lAhKQhv1XDiLgB6nHapRgpLXnmQa2UOBgxeJ0ewTM4cmQcePdT6Tz1EpqO7iqeWbTK1gRwntgZKYIMNc/8cjohjgPCFWZIyrZtRcpNkFAUM5IWnFiSCOEB6pG2phwFRLrJ5JsUHmqlA7uh0MUVnKi/JxIUSDkMfN0ZINWXs95Y/M9rx6p76iaUR7EiHE8XdWMGVQjH0cAOFQQrNtQEYUH1rRD3kUBY6QALOgR79uV50qiUbats3xwXqxdZHHmwB/ZBCdjgBFTBFaiBOsDgETyDV/BmPBkvxrvxMW3NGdnMLvgD4/MH10uayw==</latexit><latexit sha1_base64="CDmBu+6zXwXJWeN1piM/1CNF5RY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5IUQTdC1Y07K9gHNDFMptN27GQSZiZCSfMDbvwVNy4UcevenX/jtM1CWw9cOJxzL/fe40eMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtHwkCaOc1BVVjLQiQVDgM9L0B5djv/lAhKQhv1XDiLgB6nHapRgpLXnmQa2UOBgxeJ0ewTM4cmQcePdT6Tz1EpqO7iqeWbTK1gRwntgZKYIMNc/8cjohjgPCFWZIyrZtRcpNkFAUM5IWnFiSCOEB6pG2phwFRLrJ5JsUHmqlA7uh0MUVnKi/JxIUSDkMfN0ZINWXs95Y/M9rx6p76iaUR7EiHE8XdWMGVQjH0cAOFQQrNtQEYUH1rRD3kUBY6QALOgR79uV50qiUbats3xwXqxdZHHmwB/ZBCdjgBFTBFaiBOsDgETyDV/BmPBkvxrvxMW3NGdnMLvgD4/MH10uayw==</latexit><latexit sha1_base64="CDmBu+6zXwXJWeN1piM/1CNF5RY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5IUQTdC1Y07K9gHNDFMptN27GQSZiZCSfMDbvwVNy4UcevenX/jtM1CWw9cOJxzL/fe40eMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtHwkCaOc1BVVjLQiQVDgM9L0B5djv/lAhKQhv1XDiLgB6nHapRgpLXnmQa2UOBgxeJ0ewTM4cmQcePdT6Tz1EpqO7iqeWbTK1gRwntgZKYIMNc/8cjohjgPCFWZIyrZtRcpNkFAUM5IWnFiSCOEB6pG2phwFRLrJ5JsUHmqlA7uh0MUVnKi/JxIUSDkMfN0ZINWXs95Y/M9rx6p76iaUR7EiHE8XdWMGVQjH0cAOFQQrNtQEYUH1rRD3kUBY6QALOgR79uV50qiUbats3xwXqxdZHHmwB/ZBCdjgBFTBFaiBOsDgETyDV/BmPBkvxrvxMW3NGdnMLvgD4/MH10uayw==</latexit>

[H,O] = O
0
6= 0

<latexit sha1_base64="IHBp0KqnU7+Egpn5DTdM+ayEo10=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL6EJKIoJuhIIuurOCvUASymQ6bYdOJnFmIpTQpRtfxY0LRdz6CO58G6cXQas/DHz85xzOnD9MOFPacT6t3Nz8wuJSfrmwsrq2vmFvbtVVnEpCayTmsWyGWFHOBK1ppjltJpLiKOS0EfYvRvXGHZWKxeJGDxIaRLgrWIcRrI3Vsne9ylHmE8zR1TBA5+ibD5Av6C1yWnbRKTljob/gTqEIU1Vb9offjkkaUaEJx0p5rpPoIMNSM8LpsOCniiaY9HGXegYFjqgKsvEhQ7RvnDbqxNI8odHY/TmR4UipQRSazgjrnpqtjcz/al6qO2dBxkSSairIZFEn5UjHaJQKajNJieYDA5hIZv6KSA9LTLTJrmBCcGdP/gv145LrlNzrk2L5chpHHnZgDw7BhVMoQwWqUAMC9/AIz/BiPVhP1qv1NmnNWdOZbfgl6/0LaICXqQ==</latexit><latexit sha1_base64="IHBp0KqnU7+Egpn5DTdM+ayEo10=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL6EJKIoJuhIIuurOCvUASymQ6bYdOJnFmIpTQpRtfxY0LRdz6CO58G6cXQas/DHz85xzOnD9MOFPacT6t3Nz8wuJSfrmwsrq2vmFvbtVVnEpCayTmsWyGWFHOBK1ppjltJpLiKOS0EfYvRvXGHZWKxeJGDxIaRLgrWIcRrI3Vsne9ylHmE8zR1TBA5+ibD5Av6C1yWnbRKTljob/gTqEIU1Vb9offjkkaUaEJx0p5rpPoIMNSM8LpsOCniiaY9HGXegYFjqgKsvEhQ7RvnDbqxNI8odHY/TmR4UipQRSazgjrnpqtjcz/al6qO2dBxkSSairIZFEn5UjHaJQKajNJieYDA5hIZv6KSA9LTLTJrmBCcGdP/gv145LrlNzrk2L5chpHHnZgDw7BhVMoQwWqUAMC9/AIz/BiPVhP1qv1NmnNWdOZbfgl6/0LaICXqQ==</latexit><latexit sha1_base64="IHBp0KqnU7+Egpn5DTdM+ayEo10=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL6EJKIoJuhIIuurOCvUASymQ6bYdOJnFmIpTQpRtfxY0LRdz6CO58G6cXQas/DHz85xzOnD9MOFPacT6t3Nz8wuJSfrmwsrq2vmFvbtVVnEpCayTmsWyGWFHOBK1ppjltJpLiKOS0EfYvRvXGHZWKxeJGDxIaRLgrWIcRrI3Vsne9ylHmE8zR1TBA5+ibD5Av6C1yWnbRKTljob/gTqEIU1Vb9offjkkaUaEJx0p5rpPoIMNSM8LpsOCniiaY9HGXegYFjqgKsvEhQ7RvnDbqxNI8odHY/TmR4UipQRSazgjrnpqtjcz/al6qO2dBxkSSairIZFEn5UjHaJQKajNJieYDA5hIZv6KSA9LTLTJrmBCcGdP/gv145LrlNzrk2L5chpHHnZgDw7BhVMoQwWqUAMC9/AIz/BiPVhP1qv1NmnNWdOZbfgl6/0LaICXqQ==</latexit><latexit sha1_base64="IHBp0KqnU7+Egpn5DTdM+ayEo10=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweL6EJKIoJuhIIuurOCvUASymQ6bYdOJnFmIpTQpRtfxY0LRdz6CO58G6cXQas/DHz85xzOnD9MOFPacT6t3Nz8wuJSfrmwsrq2vmFvbtVVnEpCayTmsWyGWFHOBK1ppjltJpLiKOS0EfYvRvXGHZWKxeJGDxIaRLgrWIcRrI3Vsne9ylHmE8zR1TBA5+ibD5Av6C1yWnbRKTljob/gTqEIU1Vb9offjkkaUaEJx0p5rpPoIMNSM8LpsOCniiaY9HGXegYFjqgKsvEhQ7RvnDbqxNI8odHY/TmR4UipQRSazgjrnpqtjcz/al6qO2dBxkSSairIZFEn5UjHaJQKajNJieYDA5hIZv6KSA9LTLTJrmBCcGdP/gv145LrlNzrk2L5chpHHnZgDw7BhVMoQwWqUAMC9/AIz/BiPVhP1qv1NmnNWdOZbfgl6/0LaICXqQ==</latexit>

H
<latexit sha1_base64="eC2FD5TmijhpNa5fr8Iq9Fzl6nw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBDz22YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZn1QrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3edxFOEMzuESPLiBGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDnhOMzg==</latexit><latexit sha1_base64="eC2FD5TmijhpNa5fr8Iq9Fzl6nw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBDz22YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZn1QrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3edxFOEMzuESPLiBGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDnhOMzg==</latexit><latexit sha1_base64="eC2FD5TmijhpNa5fr8Iq9Fzl6nw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBDz22YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZn1QrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3edxFOEMzuESPLiBGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDnhOMzg==</latexit><latexit sha1_base64="eC2FD5TmijhpNa5fr8Iq9Fzl6nw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBDz22YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZn1QrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rquVWveV2p3edxFOEMzuESPLiBGtShAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDnhOMzg==</latexit>

A1

A2

A3
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Bell measurement Maldacena’s Model

This works, but only in this 
highly contrived model

Key Ideas

arXiv:1508.01082

E.g. Martin & Vennin, arXiv:1706.05001 

de Putter & Doré, arXiv:1905.01394

Many authors 

Suppressed by 10�115
<latexit sha1_base64="zwDI+sPJdCVYEiiZVsVC7fmX0cE=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0WNBEI8V7Ie0a8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3tLyyuraemGjuLm1vbNb2ttvmDjVlNVpLGLdColhgitWt9wK1ko0IzIUrBkOryd+84lpw2N1b0cJCyTpKx5xSqyTHrD/mJ1ifDHulsp+xZ8CLRKckzLkqHVLX51eTFPJlKWCGNPGfmKDjGjLqWDjYic1LCF0SPqs7agikpkgmx48RsdO6aEo1q6URVP190RGpDEjGbpOSezAzHsT8T+vndroKsi4SlLLFJ0tilKBbIwm36Me14xaMXKEUM3drYgOiCbUuoyKLgQ8//IiaZxVsF/Bd+fl6k0eRwEO4QhOAMMlVOEWalAHChKe4RXePO29eO/ex6x1yctnDuAPvM8fJO2PUw==</latexit><latexit sha1_base64="zwDI+sPJdCVYEiiZVsVC7fmX0cE=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0WNBEI8V7Ie0a8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3tLyyuraemGjuLm1vbNb2ttvmDjVlNVpLGLdColhgitWt9wK1ko0IzIUrBkOryd+84lpw2N1b0cJCyTpKx5xSqyTHrD/mJ1ifDHulsp+xZ8CLRKckzLkqHVLX51eTFPJlKWCGNPGfmKDjGjLqWDjYic1LCF0SPqs7agikpkgmx48RsdO6aEo1q6URVP190RGpDEjGbpOSezAzHsT8T+vndroKsi4SlLLFJ0tilKBbIwm36Me14xaMXKEUM3drYgOiCbUuoyKLgQ8//IiaZxVsF/Bd+fl6k0eRwEO4QhOAMMlVOEWalAHChKe4RXePO29eO/ex6x1yctnDuAPvM8fJO2PUw==</latexit><latexit sha1_base64="zwDI+sPJdCVYEiiZVsVC7fmX0cE=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0WNBEI8V7Ie0a8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3tLyyuraemGjuLm1vbNb2ttvmDjVlNVpLGLdColhgitWt9wK1ko0IzIUrBkOryd+84lpw2N1b0cJCyTpKx5xSqyTHrD/mJ1ifDHulsp+xZ8CLRKckzLkqHVLX51eTFPJlKWCGNPGfmKDjGjLqWDjYic1LCF0SPqs7agikpkgmx48RsdO6aEo1q6URVP190RGpDEjGbpOSezAzHsT8T+vndroKsi4SlLLFJ0tilKBbIwm36Me14xaMXKEUM3drYgOiCbUuoyKLgQ8//IiaZxVsF/Bd+fl6k0eRwEO4QhOAMMlVOEWalAHChKe4RXePO29eO/ex6x1yctnDuAPvM8fJO2PUw==</latexit><latexit sha1_base64="zwDI+sPJdCVYEiiZVsVC7fmX0cE=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0WNBEI8V7Ie0a8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb6/vf3tLyyuraemGjuLm1vbNb2ttvmDjVlNVpLGLdColhgitWt9wK1ko0IzIUrBkOryd+84lpw2N1b0cJCyTpKx5xSqyTHrD/mJ1ifDHulsp+xZ8CLRKckzLkqHVLX51eTFPJlKWCGNPGfmKDjGjLqWDjYic1LCF0SPqs7agikpkgmx48RsdO6aEo1q6URVP190RGpDEjGbpOSezAzHsT8T+vndroKsi4SlLLFJ0tilKBbIwm36Me14xaMXKEUM3drYgOiCbUuoyKLgQ8//IiaZxVsF/Bd+fl6k0eRwEO4QhOAMMlVOEWalAHChKe4RXePO29eO/ex6x1yctnDuAPvM8fJO2PUw==</latexit>

We want something more generic
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Key Ideas

Classical fluctuations are always real/physical  

Classical statistics just represents our uncertainty 

Classical modes are sines and cosines  

Quantum (vacuum) fluctuations become physical 

Quantum modes are positive / negative frequencies 

Direct reflect of quantum vs classical statistics 
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Gaussian Fluctuations

Gaussian modes described as 

Quantum: 

Classical: 

⇣(x, ⌧) =

Z
d3k

(2⇡)3
�⇣p
k3

eik·x
h
a†k(1� ik⌧)eik⌧ + a�k(1 + ik⌧)e�ik⌧

i

<latexit sha1_base64="BEShy/LBdc3wBQy744S7OK4PjxU="></latexit><latexit sha1_base64="BEShy/LBdc3wBQy744S7OK4PjxU="></latexit><latexit sha1_base64="BEShy/LBdc3wBQy744S7OK4PjxU="></latexit><latexit sha1_base64="BEShy/LBdc3wBQy744S7OK4PjxU="></latexit>

ds
2 =

1

H2⌧2
(�d⌧

2 + dx2)
<latexit sha1_base64="rsQsueure5GJOBIcBZiJ1J8AVEE=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoiCUpBd0IRTddVrAPaNIymUzaoZNJmJmIJeRH3Pgrblwo4sKN+DdOHwttPTBw7jn3cuceL2ZUKsv6NnIrq2vrG/nNwtb2zu6euX/QklEiMGniiEWi4yFJGOWkqahipBMLgkKPkbY3upn47XsiJI34nRrHxA3RgNOAYqS01DervuxV4BV0AoFwamdpXZeOQkmvksHSuT+j8Az6qeMF8CHTxWnfLFplawq4TOw5KYI5Gn3z0/EjnISEK8yQlF3bipWbIqEoZiQrOIkkMcIjNCBdTTkKiXTT6XUZPNGKD4NI6McVnKq/J1IUSjkOPd0ZIjWUi95E/M/rJiq4dFPK40QRjmeLgoRBFcFJVNCngmDFxpogLKj+K8RDpHNSOtCCDsFePHmZtCpl2yrbt9Vi7XoeRx4cgWNQAja4ADVQBw3QBBg8gmfwCt6MJ+PFeDc+Zq05Yz5zCP7A+PoB5iCfSQ==</latexit><latexit sha1_base64="rsQsueure5GJOBIcBZiJ1J8AVEE=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoiCUpBd0IRTddVrAPaNIymUzaoZNJmJmIJeRH3Pgrblwo4sKN+DdOHwttPTBw7jn3cuceL2ZUKsv6NnIrq2vrG/nNwtb2zu6euX/QklEiMGniiEWi4yFJGOWkqahipBMLgkKPkbY3upn47XsiJI34nRrHxA3RgNOAYqS01DervuxV4BV0AoFwamdpXZeOQkmvksHSuT+j8Az6qeMF8CHTxWnfLFplawq4TOw5KYI5Gn3z0/EjnISEK8yQlF3bipWbIqEoZiQrOIkkMcIjNCBdTTkKiXTT6XUZPNGKD4NI6McVnKq/J1IUSjkOPd0ZIjWUi95E/M/rJiq4dFPK40QRjmeLgoRBFcFJVNCngmDFxpogLKj+K8RDpHNSOtCCDsFePHmZtCpl2yrbt9Vi7XoeRx4cgWNQAja4ADVQBw3QBBg8gmfwCt6MJ+PFeDc+Zq05Yz5zCP7A+PoB5iCfSQ==</latexit><latexit sha1_base64="rsQsueure5GJOBIcBZiJ1J8AVEE=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoiCUpBd0IRTddVrAPaNIymUzaoZNJmJmIJeRH3Pgrblwo4sKN+DdOHwttPTBw7jn3cuceL2ZUKsv6NnIrq2vrG/nNwtb2zu6euX/QklEiMGniiEWi4yFJGOWkqahipBMLgkKPkbY3upn47XsiJI34nRrHxA3RgNOAYqS01DervuxV4BV0AoFwamdpXZeOQkmvksHSuT+j8Az6qeMF8CHTxWnfLFplawq4TOw5KYI5Gn3z0/EjnISEK8yQlF3bipWbIqEoZiQrOIkkMcIjNCBdTTkKiXTT6XUZPNGKD4NI6McVnKq/J1IUSjkOPd0ZIjWUi95E/M/rJiq4dFPK40QRjmeLgoRBFcFJVNCngmDFxpogLKj+K8RDpHNSOtCCDsFePHmZtCpl2yrbt9Vi7XoeRx4cgWNQAja4ADVQBw3QBBg8gmfwCt6MJ+PFeDc+Zq05Yz5zCP7A+PoB5iCfSQ==</latexit><latexit sha1_base64="rsQsueure5GJOBIcBZiJ1J8AVEE=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoiCUpBd0IRTddVrAPaNIymUzaoZNJmJmIJeRH3Pgrblwo4sKN+DdOHwttPTBw7jn3cuceL2ZUKsv6NnIrq2vrG/nNwtb2zu6euX/QklEiMGniiEWi4yFJGOWkqahipBMLgkKPkbY3upn47XsiJI34nRrHxA3RgNOAYqS01DervuxV4BV0AoFwamdpXZeOQkmvksHSuT+j8Az6qeMF8CHTxWnfLFplawq4TOw5KYI5Gn3z0/EjnISEK8yQlF3bipWbIqEoZiQrOIkkMcIjNCBdTTkKiXTT6XUZPNGKD4NI6McVnKq/J1IUSjkOPd0ZIjWUi95E/M/rJiq4dFPK40QRjmeLgoRBFcFJVNCngmDFxpogLKj+K8RDpHNSOtCCDsFePHmZtCpl2yrbt9Vi7XoeRx4cgWNQAja4ADVQBw3QBBg8gmfwCt6MJ+PFeDc+Zq05Yz5zCP7A+PoB5iCfSQ==</latexit>

ha†kak0ic =
1

2
� (k� k0) = hak0a†kic

<latexit sha1_base64="rWLMxI/f3vxHIRgHIy42u+qaHu8="></latexit><latexit sha1_base64="rWLMxI/f3vxHIRgHIy42u+qaHu8="></latexit><latexit sha1_base64="rWLMxI/f3vxHIRgHIy42u+qaHu8="></latexit><latexit sha1_base64="rWLMxI/f3vxHIRgHIy42u+qaHu8="></latexit>

h0|ak0a†k|0i = � (k� k0) , h0|a†kak0 |0i = 0
<latexit sha1_base64="5ppJ1I2odORY0du0bM+nyyURqSo="></latexit><latexit sha1_base64="5ppJ1I2odORY0du0bM+nyyURqSo="></latexit><latexit sha1_base64="5ppJ1I2odORY0du0bM+nyyURqSo="></latexit><latexit sha1_base64="5ppJ1I2odORY0du0bM+nyyURqSo="></latexit>
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Gaussian Fluctuations

Equal-time correlators are identical 

Non-equal times differ, reflecting 

h⇣k(⌧)⇣k0(⌧)iq,c =
�2

⇣

k3
�
1 + k2⌧2

�
(2⇡)3� (k+ k0)

<latexit sha1_base64="ORIxiMa+a+j9m1ULd9tEAzXqhjE="></latexit><latexit sha1_base64="ORIxiMa+a+j9m1ULd9tEAzXqhjE="></latexit><latexit sha1_base64="ORIxiMa+a+j9m1ULd9tEAzXqhjE="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="OvlS9/3Y039Y+jVHKG7DhdMvBIQ="></latexit><latexit sha1_base64="OvlS9/3Y039Y+jVHKG7DhdMvBIQ="></latexit><latexit sha1_base64="HuoLez2nc30P0K60NgB3Sa1L2Vg="></latexit><latexit sha1_base64="ORIxiMa+a+j9m1ULd9tEAzXqhjE="></latexit><latexit sha1_base64="ORIxiMa+a+j9m1ULd9tEAzXqhjE="></latexit><latexit sha1_base64="ORIxiMa+a+j9m1ULd9tEAzXqhjE="></latexit><latexit sha1_base64="ORIxiMa+a+j9m1ULd9tEAzXqhjE="></latexit><latexit sha1_base64="ORIxiMa+a+j9m1ULd9tEAzXqhjE="></latexit><latexit sha1_base64="ORIxiMa+a+j9m1ULd9tEAzXqhjE="></latexit>

[⇣, ⇣̇]q 6= 0
<latexit sha1_base64="+WO7XxJ2c3O0VgJVrrqhJDwdTg8=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuJAyI4IuC4K4rGAv0A4lk562oZnMNDkj1NKFG1/FjQtF3PoQ7nwb08tCW38IfPznnCTnDxMpDHret5NZWV1b38hu5ra2d3b33P2DqolTzaHCYxnresgMSKGgggIl1BMNLAol1ML+1aReuwdtRKzucJhAELGuEh3BGVqr5eYbzQdAdtpsx0inGLQGtKlgQL2WW/CK3lR0Gfw5FMhc5Zb7Za/haQQKuWTGNHwvwWDENAouYZxrpgYSxvusCw2LikVggtF0iTE9tk6bdmJtj0I6dX9PjFhkzDAKbWfEsGcWaxPzv1ojxc5lMBIqSREUnz3USSXFmE4SoW2hgaMcWmBcC/tXyntMM442t5wNwV9ceRmqZ0XfK/q354XS9TyOLMmTI3JCfHJBSuSGlEmFcPJInskreXOenBfn3fmYtWac+cwh+SPn8weRm5dk</latexit><latexit sha1_base64="+WO7XxJ2c3O0VgJVrrqhJDwdTg8=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuJAyI4IuC4K4rGAv0A4lk562oZnMNDkj1NKFG1/FjQtF3PoQ7nwb08tCW38IfPznnCTnDxMpDHret5NZWV1b38hu5ra2d3b33P2DqolTzaHCYxnresgMSKGgggIl1BMNLAol1ML+1aReuwdtRKzucJhAELGuEh3BGVqr5eYbzQdAdtpsx0inGLQGtKlgQL2WW/CK3lR0Gfw5FMhc5Zb7Za/haQQKuWTGNHwvwWDENAouYZxrpgYSxvusCw2LikVggtF0iTE9tk6bdmJtj0I6dX9PjFhkzDAKbWfEsGcWaxPzv1ojxc5lMBIqSREUnz3USSXFmE4SoW2hgaMcWmBcC/tXyntMM442t5wNwV9ceRmqZ0XfK/q354XS9TyOLMmTI3JCfHJBSuSGlEmFcPJInskreXOenBfn3fmYtWac+cwh+SPn8weRm5dk</latexit><latexit sha1_base64="+WO7XxJ2c3O0VgJVrrqhJDwdTg8=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuJAyI4IuC4K4rGAv0A4lk562oZnMNDkj1NKFG1/FjQtF3PoQ7nwb08tCW38IfPznnCTnDxMpDHret5NZWV1b38hu5ra2d3b33P2DqolTzaHCYxnresgMSKGgggIl1BMNLAol1ML+1aReuwdtRKzucJhAELGuEh3BGVqr5eYbzQdAdtpsx0inGLQGtKlgQL2WW/CK3lR0Gfw5FMhc5Zb7Za/haQQKuWTGNHwvwWDENAouYZxrpgYSxvusCw2LikVggtF0iTE9tk6bdmJtj0I6dX9PjFhkzDAKbWfEsGcWaxPzv1ojxc5lMBIqSREUnz3USSXFmE4SoW2hgaMcWmBcC/tXyntMM442t5wNwV9ceRmqZ0XfK/q354XS9TyOLMmTI3JCfHJBSuSGlEmFcPJInskreXOenBfn3fmYtWac+cwh+SPn8weRm5dk</latexit><latexit sha1_base64="+WO7XxJ2c3O0VgJVrrqhJDwdTg8=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuJAyI4IuC4K4rGAv0A4lk562oZnMNDkj1NKFG1/FjQtF3PoQ7nwb08tCW38IfPznnCTnDxMpDHret5NZWV1b38hu5ra2d3b33P2DqolTzaHCYxnresgMSKGgggIl1BMNLAol1ML+1aReuwdtRKzucJhAELGuEh3BGVqr5eYbzQdAdtpsx0inGLQGtKlgQL2WW/CK3lR0Gfw5FMhc5Zb7Za/haQQKuWTGNHwvwWDENAouYZxrpgYSxvusCw2LikVggtF0iTE9tk6bdmJtj0I6dX9PjFhkzDAKbWfEsGcWaxPzv1ojxc5lMBIqSREUnz3USSXFmE4SoW2hgaMcWmBcC/tXyntMM442t5wNwV9ceRmqZ0XfK/q354XS9TyOLMmTI3JCfHJBSuSGlEmFcPJInskreXOenBfn3fmYtWac+cwh+SPn8weRm5dk</latexit>

h⇣~k(0)⇣~k0(⌧)i0q =
�2

⇣

k3
eik⌧ (1� ik⌧)

<latexit sha1_base64="gH1/Om/sCrxGDvjT6zlZK6G49Yo="></latexit><latexit sha1_base64="gH1/Om/sCrxGDvjT6zlZK6G49Yo="></latexit><latexit sha1_base64="gH1/Om/sCrxGDvjT6zlZK6G49Yo="></latexit><latexit sha1_base64="gH1/Om/sCrxGDvjT6zlZK6G49Yo="></latexit>

h⇣~k(0)⇣~k0(⌧)i0c =
�2

⇣

k3
(cos(k⌧) + k⌧ sin(k⌧))

<latexit sha1_base64="g0RkIp9rC8H5MnVGXMeyv1Rkwww="></latexit><latexit sha1_base64="g0RkIp9rC8H5MnVGXMeyv1Rkwww="></latexit><latexit sha1_base64="g0RkIp9rC8H5MnVGXMeyv1Rkwww="></latexit><latexit sha1_base64="g0RkIp9rC8H5MnVGXMeyv1Rkwww="></latexit>
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Non-Gaussian Fluctuations

What about non-Gaussian correlators? 

We will assume NG arises from nonlinear evolution 

I.e. no non-local correlations in the initial state 

We do not want to assume special interactions 
E.g. not allowed to arrange a Bell measurement  

Key difference between cosmology and computing
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Quantum NG

Let us work out a simple example 

Standard in-in perturbation theory 

h⇣k1⇣k2⇣k3i
0
q = i

Z
d⌧

0 h[Hint (⌧
0) , ⇣k1⇣k2⇣k3(0)]i

<latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit><latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit><latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit><latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit>

=
4�H�1�6

⇣

(k1 + k2 + k3)
3
k1k2k3

<latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit><latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit><latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit><latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit>

Hint = � �

3!
⇣̇
3

<latexit sha1_base64="WZiZIOpzoDrDmXJRYugeY88F1kg=">AAACHnicbVDLSgMxFM3UV62vqks30SK4scxYRTdCQRddVrAP6NSSSTNtaOZBckeoYb7Ejb/ixoUigiv9G9PHQlsvBA7n3EfO8WLBFdj2t5VZWFxaXsmu5tbWNza38ts7dRUlkrIajUQkmx5RTPCQ1YCDYM1YMhJ4gjW8wdVIb9wzqXgU3sIwZu2A9ELuc0rAUJ38WaWj3YBAXwaah5Cml8euLwnVrjBLuiTVJbyfYrcbgXYfGJD0TpfSTr5gF+1x4XngTEEBTavayX+aDTQJWAhUEKVajh1DWxMJnAqW5txEsZjQAemxloEhCZhq67G9FB8apov9SJoXAh6zvyc0CZQaBp7pHDlRs9qI/E9rJeBftI3tOAEW0skhPxEYIjzKCne5ZBTE0ABCJTd/xbRPTDpgEs2ZEJxZy/OgflJ07KJzc1ooX0/jyKI9dICOkIPOURlVUBXVEEWP6Bm9ojfryXqx3q2PSWvGms7soj9lff0AlFajXQ==</latexit><latexit sha1_base64="WZiZIOpzoDrDmXJRYugeY88F1kg=">AAACHnicbVDLSgMxFM3UV62vqks30SK4scxYRTdCQRddVrAP6NSSSTNtaOZBckeoYb7Ejb/ixoUigiv9G9PHQlsvBA7n3EfO8WLBFdj2t5VZWFxaXsmu5tbWNza38ts7dRUlkrIajUQkmx5RTPCQ1YCDYM1YMhJ4gjW8wdVIb9wzqXgU3sIwZu2A9ELuc0rAUJ38WaWj3YBAXwaah5Cml8euLwnVrjBLuiTVJbyfYrcbgXYfGJD0TpfSTr5gF+1x4XngTEEBTavayX+aDTQJWAhUEKVajh1DWxMJnAqW5txEsZjQAemxloEhCZhq67G9FB8apov9SJoXAh6zvyc0CZQaBp7pHDlRs9qI/E9rJeBftI3tOAEW0skhPxEYIjzKCne5ZBTE0ABCJTd/xbRPTDpgEs2ZEJxZy/OgflJ07KJzc1ooX0/jyKI9dICOkIPOURlVUBXVEEWP6Bm9ojfryXqx3q2PSWvGms7soj9lff0AlFajXQ==</latexit><latexit sha1_base64="WZiZIOpzoDrDmXJRYugeY88F1kg=">AAACHnicbVDLSgMxFM3UV62vqks30SK4scxYRTdCQRddVrAP6NSSSTNtaOZBckeoYb7Ejb/ixoUigiv9G9PHQlsvBA7n3EfO8WLBFdj2t5VZWFxaXsmu5tbWNza38ts7dRUlkrIajUQkmx5RTPCQ1YCDYM1YMhJ4gjW8wdVIb9wzqXgU3sIwZu2A9ELuc0rAUJ38WaWj3YBAXwaah5Cml8euLwnVrjBLuiTVJbyfYrcbgXYfGJD0TpfSTr5gF+1x4XngTEEBTavayX+aDTQJWAhUEKVajh1DWxMJnAqW5txEsZjQAemxloEhCZhq67G9FB8apov9SJoXAh6zvyc0CZQaBp7pHDlRs9qI/E9rJeBftI3tOAEW0skhPxEYIjzKCne5ZBTE0ABCJTd/xbRPTDpgEs2ZEJxZy/OgflJ07KJzc1ooX0/jyKI9dICOkIPOURlVUBXVEEWP6Bm9ojfryXqx3q2PSWvGms7soj9lff0AlFajXQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3GwbFwvXBVRKIEcC2c3rxVKHSSw=">AAACE3icbVDLSgMxFL3js9ZXdesmWgQ3lhmL6EYQ3HRZwT6gU0smzbTBzIPkjlDDfIkbf8WNC0UEd/6N6WOh1gOBwznJvTknSKXQ6LpfzsLi0vLKamGtuL6xubVd2tlo6iRTjDdYIhPVDqjmUsS8gQIlb6eK0yiQvBXcXY391j1XWiTxDY5S3o3oIBahYBSt1Cud1nrGjygOVWREjHl+ceyHijLjSzukT3NTJfs58fsJGv+BI81vTTXvlcpuxZ2AzBNvRsowQ71X+rQTWBbxGJmkWnc8N8WuoQoFkzwv+pnmKWV3dMA7lsY04rprJvFycmiVPgkTZU+MZKL+fGFopPUoCuzNcRL91xuL/3mdDMPzro2dZshjNl0UZpJgQsZdkb5QnKEcWUKZEvavhA2pbQdto0Vbgvc38jxpnlQ8t+Jdu1CAPTiAI/DgDC6hBnVoAINHeIZXeHOenBfnfVrXgjPrbRd+wfn4BpKmodI=</latexit><latexit sha1_base64="3GwbFwvXBVRKIEcC2c3rxVKHSSw=">AAACE3icbVDLSgMxFL3js9ZXdesmWgQ3lhmL6EYQ3HRZwT6gU0smzbTBzIPkjlDDfIkbf8WNC0UEd/6N6WOh1gOBwznJvTknSKXQ6LpfzsLi0vLKamGtuL6xubVd2tlo6iRTjDdYIhPVDqjmUsS8gQIlb6eK0yiQvBXcXY391j1XWiTxDY5S3o3oIBahYBSt1Cud1nrGjygOVWREjHl+ceyHijLjSzukT3NTJfs58fsJGv+BI81vTTXvlcpuxZ2AzBNvRsowQ71X+rQTWBbxGJmkWnc8N8WuoQoFkzwv+pnmKWV3dMA7lsY04rprJvFycmiVPgkTZU+MZKL+fGFopPUoCuzNcRL91xuL/3mdDMPzro2dZshjNl0UZpJgQsZdkb5QnKEcWUKZEvavhA2pbQdto0Vbgvc38jxpnlQ8t+Jdu1CAPTiAI/DgDC6hBnVoAINHeIZXeHOenBfnfVrXgjPrbRd+wfn4BpKmodI=</latexit><latexit sha1_base64="Kkz+qGg14Azg08kHY9dZZOCI+Zo=">AAACHnicbVDLSgMxFM34rPU16tJNtAhuLDMW0Y1Q0EWXFewDOrVk0kwbmnmQ3BFqmC9x46+4caGI4Er/xvSx0NYLgcM595Fz/ERwBY7zbS0sLi2vrObW8usbm1vb9s5uXcWppKxGYxHLpk8UEzxiNeAgWDORjIS+YA1/cDXSG/dMKh5HtzBMWDskvYgHnBIwVMc+q3S0FxLoy1DzCLLs8sQLJKHaE2ZJl2S6hA8y7HVj0N4DA5Ld6VLWsQtO0RkXngfuFBTQtKod+9NsoGnIIqCCKNVynQTamkjgVLAs76WKJYQOSI+1DIxIyFRbj+1l+MgwXRzE0rwI8Jj9PaFJqNQw9E3nyIma1Ubkf1orheCibWwnKbCITg4FqcAQ41FWuMsloyCGBhAqufkrpn1i0gGTaN6E4M5angf106LrFN0bp1C+nsaRQ/voEB0jF52jMqqgKqohih7RM3pFb9aT9WK9Wx+T1gVrOrOH/pT19QOTFqNZ</latexit><latexit sha1_base64="WZiZIOpzoDrDmXJRYugeY88F1kg=">AAACHnicbVDLSgMxFM3UV62vqks30SK4scxYRTdCQRddVrAP6NSSSTNtaOZBckeoYb7Ejb/ixoUigiv9G9PHQlsvBA7n3EfO8WLBFdj2t5VZWFxaXsmu5tbWNza38ts7dRUlkrIajUQkmx5RTPCQ1YCDYM1YMhJ4gjW8wdVIb9wzqXgU3sIwZu2A9ELuc0rAUJ38WaWj3YBAXwaah5Cml8euLwnVrjBLuiTVJbyfYrcbgXYfGJD0TpfSTr5gF+1x4XngTEEBTavayX+aDTQJWAhUEKVajh1DWxMJnAqW5txEsZjQAemxloEhCZhq67G9FB8apov9SJoXAh6zvyc0CZQaBp7pHDlRs9qI/E9rJeBftI3tOAEW0skhPxEYIjzKCne5ZBTE0ABCJTd/xbRPTDpgEs2ZEJxZy/OgflJ07KJzc1ooX0/jyKI9dICOkIPOURlVUBXVEEWP6Bm9ojfryXqx3q2PSWvGms7soj9lff0AlFajXQ==</latexit><latexit sha1_base64="WZiZIOpzoDrDmXJRYugeY88F1kg=">AAACHnicbVDLSgMxFM3UV62vqks30SK4scxYRTdCQRddVrAP6NSSSTNtaOZBckeoYb7Ejb/ixoUigiv9G9PHQlsvBA7n3EfO8WLBFdj2t5VZWFxaXsmu5tbWNza38ts7dRUlkrIajUQkmx5RTPCQ1YCDYM1YMhJ4gjW8wdVIb9wzqXgU3sIwZu2A9ELuc0rAUJ38WaWj3YBAXwaah5Cml8euLwnVrjBLuiTVJbyfYrcbgXYfGJD0TpfSTr5gF+1x4XngTEEBTavayX+aDTQJWAhUEKVajh1DWxMJnAqW5txEsZjQAemxloEhCZhq67G9FB8apov9SJoXAh6zvyc0CZQaBp7pHDlRs9qI/E9rJeBftI3tOAEW0skhPxEYIjzKCne5ZBTE0ABCJTd/xbRPTDpgEs2ZEJxZy/OgflJ07KJzc1ooX0/jyKI9dICOkIPOURlVUBXVEEWP6Bm9ojfryXqx3q2PSWvGms7soj9lff0AlFajXQ==</latexit><latexit sha1_base64="WZiZIOpzoDrDmXJRYugeY88F1kg=">AAACHnicbVDLSgMxFM3UV62vqks30SK4scxYRTdCQRddVrAP6NSSSTNtaOZBckeoYb7Ejb/ixoUigiv9G9PHQlsvBA7n3EfO8WLBFdj2t5VZWFxaXsmu5tbWNza38ts7dRUlkrIajUQkmx5RTPCQ1YCDYM1YMhJ4gjW8wdVIb9wzqXgU3sIwZu2A9ELuc0rAUJ38WaWj3YBAXwaah5Cml8euLwnVrjBLuiTVJbyfYrcbgXYfGJD0TpfSTr5gF+1x4XngTEEBTavayX+aDTQJWAhUEKVajh1DWxMJnAqW5txEsZjQAemxloEhCZhq67G9FB8apov9SJoXAh6zvyc0CZQaBp7pHDlRs9qI/E9rJeBftI3tOAEW0skhPxEYIjzKCne5ZBTE0ABCJTd/xbRPTDpgEs2ZEJxZy/OgflJ07KJzc1ooX0/jyKI9dICOkIPOURlVUBXVEEWP6Bm9ojfryXqx3q2PSWvGms7soj9lff0AlFajXQ==</latexit><latexit sha1_base64="WZiZIOpzoDrDmXJRYugeY88F1kg=">AAACHnicbVDLSgMxFM3UV62vqks30SK4scxYRTdCQRddVrAP6NSSSTNtaOZBckeoYb7Ejb/ixoUigiv9G9PHQlsvBA7n3EfO8WLBFdj2t5VZWFxaXsmu5tbWNza38ts7dRUlkrIajUQkmx5RTPCQ1YCDYM1YMhJ4gjW8wdVIb9wzqXgU3sIwZu2A9ELuc0rAUJ38WaWj3YBAXwaah5Cml8euLwnVrjBLuiTVJbyfYrcbgXYfGJD0TpfSTr5gF+1x4XngTEEBTavayX+aDTQJWAhUEKVajh1DWxMJnAqW5txEsZjQAemxloEhCZhq67G9FB8apov9SJoXAh6zvyc0CZQaBp7pHDlRs9qI/E9rJeBftI3tOAEW0skhPxEYIjzKCne5ZBTE0ABCJTd/xbRPTDpgEs2ZEJxZy/OgflJ07KJzc1ooX0/jyKI9dICOkIPOURlVUBXVEEWP6Bm9ojfryXqx3q2PSWvGms7soj9lff0AlFajXQ==</latexit><latexit sha1_base64="WZiZIOpzoDrDmXJRYugeY88F1kg=">AAACHnicbVDLSgMxFM3UV62vqks30SK4scxYRTdCQRddVrAP6NSSSTNtaOZBckeoYb7Ejb/ixoUigiv9G9PHQlsvBA7n3EfO8WLBFdj2t5VZWFxaXsmu5tbWNza38ts7dRUlkrIajUQkmx5RTPCQ1YCDYM1YMhJ4gjW8wdVIb9wzqXgU3sIwZu2A9ELuc0rAUJ38WaWj3YBAXwaah5Cml8euLwnVrjBLuiTVJbyfYrcbgXYfGJD0TpfSTr5gF+1x4XngTEEBTavayX+aDTQJWAhUEKVajh1DWxMJnAqW5txEsZjQAemxloEhCZhq67G9FB8apov9SJoXAh6zvyc0CZQaBp7pHDlRs9qI/E9rJeBftI3tOAEW0skhPxEYIjzKCne5ZBTE0ABCJTd/xbRPTDpgEs2ZEJxZy/OgflJ07KJzc1ooX0/jyKI9dICOkIPOURlVUBXVEEWP6Bm9ojfryXqx3q2PSWvGms7soj9lff0AlFajXQ==</latexit><latexit sha1_base64="WZiZIOpzoDrDmXJRYugeY88F1kg=">AAACHnicbVDLSgMxFM3UV62vqks30SK4scxYRTdCQRddVrAP6NSSSTNtaOZBckeoYb7Ejb/ixoUigiv9G9PHQlsvBA7n3EfO8WLBFdj2t5VZWFxaXsmu5tbWNza38ts7dRUlkrIajUQkmx5RTPCQ1YCDYM1YMhJ4gjW8wdVIb9wzqXgU3sIwZu2A9ELuc0rAUJ38WaWj3YBAXwaah5Cml8euLwnVrjBLuiTVJbyfYrcbgXYfGJD0TpfSTr5gF+1x4XngTEEBTavayX+aDTQJWAhUEKVajh1DWxMJnAqW5txEsZjQAemxloEhCZhq67G9FB8apov9SJoXAh6zvyc0CZQaBp7pHDlRs9qI/E9rJeBftI3tOAEW0skhPxEYIjzKCne5ZBTE0ABCJTd/xbRPTDpgEs2ZEJxZy/OgflJ07KJzc1ooX0/jyKI9dICOkIPOURlVUBXVEEWP6Bm9ojfryXqx3q2PSWvGms7soj9lff0AlFajXQ==</latexit>

“total energy pole”
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⇣(~x1)
<latexit sha1_base64="Jo4Ke6jKat6HOhjgiIiU3T7Jp1w=">AAAB+HicbVC7TgJBFL3rE/HBqqXNRGKCDdnRQksSG0tM5JGwhMwOd2HC7CMzs0QgfIWljYXG2Popdv6NA1goeJKbe3LOvZk7J0il0Mbzvpy19Y3Nre3cTn53b/+g4B4e1XWSKY41nshENQOmUYoYa0YYic1UIYsCiY1gcDPzG0NUWiTxvRml2I5YLxah4MxYqeMW/DEaVvKHyMlDh5533KJX9uYgq4T+kGLFe7ysAEC143763YRnEcaGS6Z1i3qpaU+YMoJLnOb9TGPK+ID1sGVpzCLU7cn88Ck5s0qXhImyFRsyV39vTFik9SgK7GTETF8vezPxP6+VmfC6PRFxmhmM+eKhMJPEJGSWAukKhdzIkSWMK2FvJbzPFOPGZpW3IdDlL6+S+kWZemV6R4uV6iwLixycwCmUgMIVVOAWqlADDhk8wQu8OmPn2Xlz3heja86iwzH8gfPxDa4dlCU=</latexit><latexit sha1_base64="MGAcoBJOnStidMMGwIgGA7HOb4s=">AAAB+HicbVC7TgJBFL3rE/HBqqXNRGKCFmRXCy03obHERB4JS8jscIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ0TJIIr7Tif1srq2vrGZmYru72zu5ez9w+qKk4lwwqLRSzrAVUoeIQVzbXAeiKRhoHAWtAvTf3aAKXicXSrhwk2Q9qNeIczqo3UsnP+CDUt+ANk5K7lnrbsvFN0ZiDLxP0hec+5vyh9nX2UW/a7345ZGmKkmaBKNVwn0c0xlZozgZOsnypMKOvTLjYMjWiIqjmeHT4hJ0Zpk04sTUWazNTfG2MaKjUMAzMZUt1Ti95U/M9rpLpz1RzzKEk1Rmz+UCcVRMdkmgJpc4lMi6EhlElubiWsRyVl2mSVNSG4i19eJtXzousU3Rs375U9mCEDR3AMBXDhEjy4hjJUgEEKD/AEz9bIerRerNf56Io173AIf2C9fQNTyJYg</latexit><latexit sha1_base64="MGAcoBJOnStidMMGwIgGA7HOb4s=">AAAB+HicbVC7TgJBFL3rE/HBqqXNRGKCFmRXCy03obHERB4JS8jscIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ0TJIIr7Tif1srq2vrGZmYru72zu5ez9w+qKk4lwwqLRSzrAVUoeIQVzbXAeiKRhoHAWtAvTf3aAKXicXSrhwk2Q9qNeIczqo3UsnP+CDUt+ANk5K7lnrbsvFN0ZiDLxP0hec+5vyh9nX2UW/a7345ZGmKkmaBKNVwn0c0xlZozgZOsnypMKOvTLjYMjWiIqjmeHT4hJ0Zpk04sTUWazNTfG2MaKjUMAzMZUt1Ti95U/M9rpLpz1RzzKEk1Rmz+UCcVRMdkmgJpc4lMi6EhlElubiWsRyVl2mSVNSG4i19eJtXzousU3Rs375U9mCEDR3AMBXDhEjy4hjJUgEEKD/AEz9bIerRerNf56Io173AIf2C9fQNTyJYg</latexit><latexit sha1_base64="D7QeAXmtJeD+dDJ3Jg1XD6B65+A=">AAAB+HicbZBLSwMxFIUz9VXro6Mu3QSLUDdl4kaXBTcuK9gHdIYhk95pQzOZIckU29Jf4saFIm79Ke78N6aPhbYeCHycc0NuTpQJro3nfTuFre2d3b3ifung8Oi47J6ctnSaKwZNlopUdSKqQXAJTcONgE6mgCaRgHY0vJvn7REozVP5aMYZBAntSx5zRo21QrfsT8DQqj8Chp9CchW6Fa/mLYQ3gaygglZqhO6X30tZnoA0TFCtu8TLTDClynAmYFbycw0ZZUPah65FSRPQwXSx+AxfWqeH41TZIw1euL9vTGmi9TiJ7GRCzUCvZ3Pzv6ybm/g2mHKZ5QYkWz4U5wKbFM9bwD2ugBkxtkCZ4nZXzAZUUWZsVyVbAln/8ia0rmvEq5EHUqk36ss6iugcXaAqIugG1dE9aqAmYihHz+gVvTkT58V5dz6WowVnVeEZ+iPn8we0hpKv</latexit>

⇣(~x2)
<latexit sha1_base64="7garROM/X16yZGgUbHNOrzFYfe4=">AAAB+HicbVC7TgJBFL2LL8QHq5Y2E4kJNmQXCy03sbHERB4JS8jscBcmzD4yM0sEwldY2lhojK2fYuffOICFgie5uSfn3Ju5c4JUcKUd58vKbWxube/kdwt7+weHRfvouKGSTDKss0QkshVQhYLHWNdcC2ylEmkUCGwGw5u53xyhVDyJ7/U4xU5E+zEPOaPaSF276E9Q07I/QkYeutWLrl1yKs4CZJ24P6TkOY+XHgDUuvan30tYFmGsmaBKtV0n1Z0plZozgbOCnylMKRvSPrYNjWmEqjNdHD4j50bpkTCRpmJNFurvjSmNlBpHgZmMqB6oVW8u/ue1Mx1ed6Y8TjONMVs+FGaC6ITMUyA9LpFpMTaEMsnNrYQNqKRMm6wKJgR39cvrpFGtuE7FvXNLXm2ehUEeTuEMyuDCFXhwCzWoA4MMnuAFXq2J9Wy9We/L0Zy17HACf2B9fAOvopQm</latexit><latexit sha1_base64="mVIEWAKlkPmVcbEbYXx5koSaAew=">AAAB+HicbVC7TgJBFL2LL8QHqKXNRGKCFmQXCy1JaCwxkUfCks3scIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ3jx4IrbdufVmptfWNzK72d2dnd28/mDg7rKkokwxqLRCSbPlUoeIg1zbXAZiyRBr7Ahj+ozPzGEKXiUXirRzG2A9oLeZczqo3k5bLuGDUtuENk5M4rnXm5vF205yCrxPkh+bJ9f1H5Ov+oerl3txOxJMBQM0GVajl2rNsTKjVnAqcZN1EYUzagPWwZGtIAVXsyP3xKTo3SId1Imgo1mau/NyY0UGoU+GYyoLqvlr2Z+J/XSnT3qj3hYZxoDNnioW4iiI7ILAXS4RKZFiNDKJPc3EpYn0rKtMkqY0Jwlr+8SuqlomMXnRsnX66WYY40HMMJFMCBSyjDNVShBgwSeIAneLbG1qP1Yr0uRlPWosMR/IH19g1VTZYh</latexit><latexit sha1_base64="mVIEWAKlkPmVcbEbYXx5koSaAew=">AAAB+HicbVC7TgJBFL2LL8QHqKXNRGKCFmQXCy1JaCwxkUfCks3scIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ3jx4IrbdufVmptfWNzK72d2dnd28/mDg7rKkokwxqLRCSbPlUoeIg1zbXAZiyRBr7Ahj+ozPzGEKXiUXirRzG2A9oLeZczqo3k5bLuGDUtuENk5M4rnXm5vF205yCrxPkh+bJ9f1H5Ov+oerl3txOxJMBQM0GVajl2rNsTKjVnAqcZN1EYUzagPWwZGtIAVXsyP3xKTo3SId1Imgo1mau/NyY0UGoU+GYyoLqvlr2Z+J/XSnT3qj3hYZxoDNnioW4iiI7ILAXS4RKZFiNDKJPc3EpYn0rKtMkqY0Jwlr+8SuqlomMXnRsnX66WYY40HMMJFMCBSyjDNVShBgwSeIAneLbG1qP1Yr0uRlPWosMR/IH19g1VTZYh</latexit><latexit sha1_base64="u9CNlYidg3S0uR6l6vK88W1LG/U=">AAAB+HicbZBLSwMxFIUzPmt9dNSlm2AR6qbMdKPLghuXFewD2mHIpHfa0MyD5E6xHfpL3LhQxK0/xZ3/xvSx0NYDgY9zbsjNCVIpNDrOt7W1vbO7t184KB4eHZ+U7NOzlk4yxaHJE5moTsA0SBFDEwVK6KQKWBRIaAeju3neHoPSIokfcZKCF7FBLELBGRrLt0u9KSCr9MbA6ZNfu/btslN1FqKb4K6gTFZq+PZXr5/wLIIYuWRad10nRS9nCgWXMCv2Mg0p4yM2gK7BmEWgvXyx+IxeGadPw0SZEyNduL9v5CzSehIFZjJiONTr2dz8L+tmGN56uYjTDCHmy4fCTFJM6LwF2hcKOMqJAcaVMLtSPmSKcTRdFU0J7vqXN6FVq7pO1X1wy/VGfVlHgVyQS1IhLrkhdXJPGqRJOMnIM3klb9bUerHerY/l6Ja1qvCc/JH1+QO2C5Kw</latexit>

⇣(~x3)
<latexit sha1_base64="exI83rVz+9AE6qbywVfbzgyW3zg=">AAAB+HicbVC7TgJBFL2LL8QHq5Y2E4kJNmRXCi03sbHERB4JEDI73IUJs4/MzBKB8BWWNhYaY+un2Pk3zoKFgie5uSfn3Ju5c/xEcKUd58vKbWxube/kdwt7+weHRfvouKHiVDKss1jEsuVThYJHWNdcC2wlEmnoC2z6o5vMb45RKh5H93qSYDekg4gHnFFtpJ5d7ExR03JnjIw89KoXPbvkVJwFyDpxf0jJcx6rHgDUevZnpx+zNMRIM0GVartOorszKjVnAueFTqowoWxEB9g2NKIhqu5scficnBulT4JYmoo0Wai/N2Y0VGoS+mYypHqoVr1M/M9rpzq47s54lKQaI7Z8KEgF0THJUiB9LpFpMTGEMsnNrYQNqaRMm6wKJgR39cvrpHFZcZ2Ke+eWvFqWhUEeTuEMyuDCFXhwCzWoA4MUnuAFXq2p9Wy9We/L0Zy17HACf2B9fAOxJ5Qn</latexit><latexit sha1_base64="S2mZfMar35na50BvcM0PphCox0E=">AAAB+HicbVC7TgJBFL2LL8QHqKXNRGKCFmRXCi1JaCwxkUfCks3scIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ3jx4IrbdufVmptfWNzK72d2dnd28/mDg7rKkokwxqLRCSbPlUoeIg1zbXAZiyRBr7Ahj+ozPzGEKXiUXirRzG2A9oLeZczqo3k5bLuGDUtuENk5M4rnXm5vF205yCrxPkh+bJ9X6p8nX9Uvdy724lYEmComaBKtRw71u0JlZozgdOMmyiMKRvQHrYMDWmAqj2ZHz4lp0bpkG4kTYWazNXfGxMaKDUKfDMZUN1Xy95M/M9rJbp71Z7wME40hmzxUDcRREdklgLpcIlMi5EhlElubiWsTyVl2mSVMSE4y19eJfWLomMXnRsnX66WYY40HMMJFMCBSyjDNVShBgwSeIAneLbG1qP1Yr0uRlPWosMR/IH19g1W0pYi</latexit><latexit sha1_base64="S2mZfMar35na50BvcM0PphCox0E=">AAAB+HicbVC7TgJBFL2LL8QHqKXNRGKCFmRXCi1JaCwxkUfCks3scIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ3jx4IrbdufVmptfWNzK72d2dnd28/mDg7rKkokwxqLRCSbPlUoeIg1zbXAZiyRBr7Ahj+ozPzGEKXiUXirRzG2A9oLeZczqo3k5bLuGDUtuENk5M4rnXm5vF205yCrxPkh+bJ9X6p8nX9Uvdy724lYEmComaBKtRw71u0JlZozgdOMmyiMKRvQHrYMDWmAqj2ZHz4lp0bpkG4kTYWazNXfGxMaKDUKfDMZUN1Xy95M/M9rJbp71Z7wME40hmzxUDcRREdklgLpcIlMi5EhlElubiWsTyVl2mSVMSE4y19eJfWLomMXnRsnX66WYY40HMMJFMCBSyjDNVShBgwSeIAneLbG1qP1Yr0uRlPWosMR/IH19g1W0pYi</latexit><latexit sha1_base64="Q/WhUTShPpXGwkPMcINusiw7Dms=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFqJsyowtdFty4rGAf0A5DJr3ThmYeJJliO/SXuHGhiFt/ijv/jeljoa0HAh/n3JCbE6SCK+0439bG5tb2zm5hr7h/cHhUso9PmirJJMMGS0Qi2wFVKHiMDc21wHYqkUaBwFYwvJvlrRFKxZP4UY9T9CLaj3nIGdXG8u1Sd4KaVrojZOTJv7707bJTdeYi6+AuoQxL1X37q9tLWBZhrJmgSnVcJ9VeTqXmTOC02M0UppQNaR87BmMaofLy+eJTcmGcHgkTaU6sydz9fSOnkVLjKDCTEdUDtZrNzP+yTqbDWy/ncZppjNnioTATRCdk1gLpcYlMi7EByiQ3uxI2oJIybboqmhLc1S+vQ/Oq6jpV98Et1+q1RR0FOINzqIALN1CDe6hDAxhk8Ayv8GZNrBfr3fpYjG5YywpP4Y+szx+3kJKx</latexit>

Time Creation of three particles from vacuum

�(E1 + E2 + E3) ! 1
(E1+E2+E3)n

<latexit sha1_base64="tKSuQafWoQUsaRpd/zEHGIMBNOM=">AAACGnicbVBNSwMxFHzrt/Vr1aOXYBEqQtlUQY8FFTxWsFXorks2zdrQbHZJskJZ+ju8+Fe8eFDEm3jxz4hp68GqAw+GmfdIZqJMcG0878OZmp6ZnZtfWCwtLa+srrnrGy2d5oqyJk1Fqq4iopngkjUNN4JdZYqRJBLsMuodD/3LW6Y0T+WF6WcsSMiN5DGnxFgpdLHfYcKQymmI907Dmp39XeSbFPmxIrTAg2LCupaD0C17VW8E9Jfgb1KuH3yGdQBohO6b30lpnjBpqCBat7GXmaAgynAq2KDk55plhPbIDWtbKknCdFCMog3QjlU6KE6VHWnQSP15UZBE634S2c2EmK7+7Q3F/7x2buKjoOAyyw2TdPxQnAtkow97Qh2uGDWibwmhitu/ItolthNj2yzZEvDvyH9Jq1bFXhWf43L9BMZYgC3YhgpgOIQ6nEEDmkDhDh7gCZ6de+fReXFex6tTzvfNJkzAef8Cv3qfwQ==</latexit><latexit sha1_base64="VxnKknLLXQ0hk9yGkNNaucIFfCI=">AAACGnicbVDLSgMxFM34rPVVdekmWISKUCZV0GVFCy4r2Ad06pBJM21oJjMkGaEM/Q43foN/4MaFIu7EjT8iuBHTx8K2HrhwOOdeknO8iDOlbfvTmptfWFxaTq2kV9fWNzYzW9tVFcaS0AoJeSjrHlaUM0ErmmlO65GkOPA4rXnd84Ffu6VSsVBc615EmwFuC+YzgrWR3AxyWpRrnCu56LDkFswcHUBHh9DxJSYJ6icT1o3ou5msnbeHgLMEjUm2ePzjnj18fZfdzLvTCkkcUKEJx0o1kB3pZoKlZoTTftqJFY0w6eI2bRgqcEBVMxlG68N9o7SgH0ozQsOh+vciwYFSvcAzmwHWHTXtDcT/vEas/dNmwkQUayrI6CE/5tBEH/QEW0xSonnPEEwkM3+FpINNJ9q0mTYloOnIs6RayCM7j65QtngBRkiBXbAHcgCBE1AEl6AMKoCAO/AInsGLdW89Wa/W22h1zhrf7IAJWB+/PoGiXw==</latexit><latexit sha1_base64="VxnKknLLXQ0hk9yGkNNaucIFfCI=">AAACGnicbVDLSgMxFM34rPVVdekmWISKUCZV0GVFCy4r2Ad06pBJM21oJjMkGaEM/Q43foN/4MaFIu7EjT8iuBHTx8K2HrhwOOdeknO8iDOlbfvTmptfWFxaTq2kV9fWNzYzW9tVFcaS0AoJeSjrHlaUM0ErmmlO65GkOPA4rXnd84Ffu6VSsVBc615EmwFuC+YzgrWR3AxyWpRrnCu56LDkFswcHUBHh9DxJSYJ6icT1o3ou5msnbeHgLMEjUm2ePzjnj18fZfdzLvTCkkcUKEJx0o1kB3pZoKlZoTTftqJFY0w6eI2bRgqcEBVMxlG68N9o7SgH0ozQsOh+vciwYFSvcAzmwHWHTXtDcT/vEas/dNmwkQUayrI6CE/5tBEH/QEW0xSonnPEEwkM3+FpINNJ9q0mTYloOnIs6RayCM7j65QtngBRkiBXbAHcgCBE1AEl6AMKoCAO/AInsGLdW89Wa/W22h1zhrf7IAJWB+/PoGiXw==</latexit><latexit sha1_base64="nGeqLJXuX4p/GEJQ1PopijodCRI=">AAACGnicbVDLSgMxFM34rPU16tJNsAgVoUzqQpcFLbisYB/QGYdMmmlDM5khyQhl6He48VfcuFDEnbjxb0zbWdjWAxcO59xLck6QcKa04/xYK6tr6xubha3i9s7u3r59cNhScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC8nvjtRyoVi8W9HiXUi3BfsJARrI3k28jtUa5xue6j87pfNXNxBl0dQzeUmGRonM1ZD2Ls2yWn4kwBlwnKSQnkaPj2l9uLSRpRoQnHSnWRk2gvw1Izwum46KaKJpgMcZ92DRU4osrLptHG8NQoPRjG0ozQcKr+vchwpNQoCsxmhPVALXoT8T+vm+rwysuYSFJNBZk9FKYcmuiTnmCPSUo0HxmCiWTmr5AMsOlEmzaLpgS0GHmZtKoV5FTQHSrVbvI6CuAYnIAyQOAS1MAtaIAmIOAJvIA38G49W6/Wh/U5W12x8psjMAfr+xf0fp2w</latexit>

Scattering Uncertainty Principle
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Residue is the related to the S-matrix 

The pole itself is just signaling energy conservation 

Quantum NG

h⇣k1⇣k2⇣k3i
0
q = i

Z
d⌧

0 h[Hint (⌧
0) , ⇣k1⇣k2⇣k3(0)]i

<latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit><latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit><latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit><latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit>

=
4�H�1�6

⇣

(k1 + k2 + k3)
3
k1k2k3

<latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit><latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit><latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit><latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit>

“total energy pole”

Maldacena & Pimentel; Raju

/ Aon�shell(~k1,~k2,~k3)

(k1 + k2 + k3)
3 k21k

2
2k

2
3

<latexit sha1_base64="OzeBlaBcCiQDlEBtksGcUdlBImo="></latexit><latexit sha1_base64="OzeBlaBcCiQDlEBtksGcUdlBImo="></latexit><latexit sha1_base64="OzeBlaBcCiQDlEBtksGcUdlBImo="></latexit><latexit sha1_base64="OzeBlaBcCiQDlEBtksGcUdlBImo="></latexit>
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Classical NG

Classical analogue: solve EoM perturbatively 

⇣
(2)
k (⌧) = �

Z
d⌧

0
d
3
p

(2⇡)3
(�H⌧

0)
�1

(@⌧ 0Gk (⌧, ⌧
0)) @⌧ 0⇣

(1)
p (⌧ 0) @⌧ 0⇣

(1)
k�p (⌧ 0)

<latexit sha1_base64="nokfJ3p+u+x8prra4/l+cPU2NC0="></latexit><latexit sha1_base64="nokfJ3p+u+x8prra4/l+cPU2NC0="></latexit><latexit sha1_base64="nokfJ3p+u+x8prra4/l+cPU2NC0="></latexit><latexit sha1_base64="nokfJ3p+u+x8prra4/l+cPU2NC0="></latexit>

h⇣k1⇣k2⇣k3i
0
c =

�H
�1�6

⇣

3k1k2k3

"
3

(k1 + k2 + k3)3

+
1

(k1 + k2 � k3)
3 +

1

(k1 � k2 + k3)
3 +

1

(k2 � k1 + k3)
3

#

<latexit sha1_base64="clGvHBji8Xvc1se/oQczhYqCe9c="></latexit><latexit sha1_base64="clGvHBji8Xvc1se/oQczhYqCe9c="></latexit><latexit sha1_base64="clGvHBji8Xvc1se/oQczhYqCe9c="></latexit><latexit sha1_base64="clGvHBji8Xvc1se/oQczhYqCe9c="></latexit>

“total energy pole”

On-shell pole or “Folded Shape”
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⇣(~x1)
<latexit sha1_base64="Jo4Ke6jKat6HOhjgiIiU3T7Jp1w=">AAAB+HicbVC7TgJBFL3rE/HBqqXNRGKCDdnRQksSG0tM5JGwhMwOd2HC7CMzs0QgfIWljYXG2Popdv6NA1goeJKbe3LOvZk7J0il0Mbzvpy19Y3Nre3cTn53b/+g4B4e1XWSKY41nshENQOmUYoYa0YYic1UIYsCiY1gcDPzG0NUWiTxvRml2I5YLxah4MxYqeMW/DEaVvKHyMlDh5533KJX9uYgq4T+kGLFe7ysAEC143763YRnEcaGS6Z1i3qpaU+YMoJLnOb9TGPK+ID1sGVpzCLU7cn88Ck5s0qXhImyFRsyV39vTFik9SgK7GTETF8vezPxP6+VmfC6PRFxmhmM+eKhMJPEJGSWAukKhdzIkSWMK2FvJbzPFOPGZpW3IdDlL6+S+kWZemV6R4uV6iwLixycwCmUgMIVVOAWqlADDhk8wQu8OmPn2Xlz3heja86iwzH8gfPxDa4dlCU=</latexit><latexit sha1_base64="MGAcoBJOnStidMMGwIgGA7HOb4s=">AAAB+HicbVC7TgJBFL3rE/HBqqXNRGKCFmRXCy03obHERB4JS8jscIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ0TJIIr7Tif1srq2vrGZmYru72zu5ez9w+qKk4lwwqLRSzrAVUoeIQVzbXAeiKRhoHAWtAvTf3aAKXicXSrhwk2Q9qNeIczqo3UsnP+CDUt+ANk5K7lnrbsvFN0ZiDLxP0hec+5vyh9nX2UW/a7345ZGmKkmaBKNVwn0c0xlZozgZOsnypMKOvTLjYMjWiIqjmeHT4hJ0Zpk04sTUWazNTfG2MaKjUMAzMZUt1Ti95U/M9rpLpz1RzzKEk1Rmz+UCcVRMdkmgJpc4lMi6EhlElubiWsRyVl2mSVNSG4i19eJtXzousU3Rs375U9mCEDR3AMBXDhEjy4hjJUgEEKD/AEz9bIerRerNf56Io173AIf2C9fQNTyJYg</latexit><latexit sha1_base64="MGAcoBJOnStidMMGwIgGA7HOb4s=">AAAB+HicbVC7TgJBFL3rE/HBqqXNRGKCFmRXCy03obHERB4JS8jscIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ0TJIIr7Tif1srq2vrGZmYru72zu5ez9w+qKk4lwwqLRSzrAVUoeIQVzbXAeiKRhoHAWtAvTf3aAKXicXSrhwk2Q9qNeIczqo3UsnP+CDUt+ANk5K7lnrbsvFN0ZiDLxP0hec+5vyh9nX2UW/a7345ZGmKkmaBKNVwn0c0xlZozgZOsnypMKOvTLjYMjWiIqjmeHT4hJ0Zpk04sTUWazNTfG2MaKjUMAzMZUt1Ti95U/M9rpLpz1RzzKEk1Rmz+UCcVRMdkmgJpc4lMi6EhlElubiWsRyVl2mSVNSG4i19eJtXzousU3Rs375U9mCEDR3AMBXDhEjy4hjJUgEEKD/AEz9bIerRerNf56Io173AIf2C9fQNTyJYg</latexit><latexit sha1_base64="D7QeAXmtJeD+dDJ3Jg1XD6B65+A=">AAAB+HicbZBLSwMxFIUz9VXro6Mu3QSLUDdl4kaXBTcuK9gHdIYhk95pQzOZIckU29Jf4saFIm79Ke78N6aPhbYeCHycc0NuTpQJro3nfTuFre2d3b3ifung8Oi47J6ctnSaKwZNlopUdSKqQXAJTcONgE6mgCaRgHY0vJvn7REozVP5aMYZBAntSx5zRo21QrfsT8DQqj8Chp9CchW6Fa/mLYQ3gaygglZqhO6X30tZnoA0TFCtu8TLTDClynAmYFbycw0ZZUPah65FSRPQwXSx+AxfWqeH41TZIw1euL9vTGmi9TiJ7GRCzUCvZ3Pzv6ybm/g2mHKZ5QYkWz4U5wKbFM9bwD2ugBkxtkCZ4nZXzAZUUWZsVyVbAln/8ia0rmvEq5EHUqk36ss6iugcXaAqIugG1dE9aqAmYihHz+gVvTkT58V5dz6WowVnVeEZ+iPn8we0hpKv</latexit>

⇣(~x2)
<latexit sha1_base64="7garROM/X16yZGgUbHNOrzFYfe4=">AAAB+HicbVC7TgJBFL2LL8QHq5Y2E4kJNmQXCy03sbHERB4JS8jscBcmzD4yM0sEwldY2lhojK2fYuffOICFgie5uSfn3Ju5c4JUcKUd58vKbWxube/kdwt7+weHRfvouKGSTDKss0QkshVQhYLHWNdcC2ylEmkUCGwGw5u53xyhVDyJ7/U4xU5E+zEPOaPaSF276E9Q07I/QkYeutWLrl1yKs4CZJ24P6TkOY+XHgDUuvan30tYFmGsmaBKtV0n1Z0plZozgbOCnylMKRvSPrYNjWmEqjNdHD4j50bpkTCRpmJNFurvjSmNlBpHgZmMqB6oVW8u/ue1Mx1ed6Y8TjONMVs+FGaC6ITMUyA9LpFpMTaEMsnNrYQNqKRMm6wKJgR39cvrpFGtuE7FvXNLXm2ehUEeTuEMyuDCFXhwCzWoA4MMnuAFXq2J9Wy9We/L0Zy17HACf2B9fAOvopQm</latexit><latexit sha1_base64="mVIEWAKlkPmVcbEbYXx5koSaAew=">AAAB+HicbVC7TgJBFL2LL8QHqKXNRGKCFmQXCy1JaCwxkUfCks3scIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ3jx4IrbdufVmptfWNzK72d2dnd28/mDg7rKkokwxqLRCSbPlUoeIg1zbXAZiyRBr7Ahj+ozPzGEKXiUXirRzG2A9oLeZczqo3k5bLuGDUtuENk5M4rnXm5vF205yCrxPkh+bJ9f1H5Ov+oerl3txOxJMBQM0GVajl2rNsTKjVnAqcZN1EYUzagPWwZGtIAVXsyP3xKTo3SId1Imgo1mau/NyY0UGoU+GYyoLqvlr2Z+J/XSnT3qj3hYZxoDNnioW4iiI7ILAXS4RKZFiNDKJPc3EpYn0rKtMkqY0Jwlr+8SuqlomMXnRsnX66WYY40HMMJFMCBSyjDNVShBgwSeIAneLbG1qP1Yr0uRlPWosMR/IH19g1VTZYh</latexit><latexit sha1_base64="mVIEWAKlkPmVcbEbYXx5koSaAew=">AAAB+HicbVC7TgJBFL2LL8QHqKXNRGKCFmQXCy1JaCwxkUfCks3scIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ3jx4IrbdufVmptfWNzK72d2dnd28/mDg7rKkokwxqLRCSbPlUoeIg1zbXAZiyRBr7Ahj+ozPzGEKXiUXirRzG2A9oLeZczqo3k5bLuGDUtuENk5M4rnXm5vF205yCrxPkh+bJ9f1H5Ov+oerl3txOxJMBQM0GVajl2rNsTKjVnAqcZN1EYUzagPWwZGtIAVXsyP3xKTo3SId1Imgo1mau/NyY0UGoU+GYyoLqvlr2Z+J/XSnT3qj3hYZxoDNnioW4iiI7ILAXS4RKZFiNDKJPc3EpYn0rKtMkqY0Jwlr+8SuqlomMXnRsnX66WYY40HMMJFMCBSyjDNVShBgwSeIAneLbG1qP1Yr0uRlPWosMR/IH19g1VTZYh</latexit><latexit sha1_base64="u9CNlYidg3S0uR6l6vK88W1LG/U=">AAAB+HicbZBLSwMxFIUzPmt9dNSlm2AR6qbMdKPLghuXFewD2mHIpHfa0MyD5E6xHfpL3LhQxK0/xZ3/xvSx0NYDgY9zbsjNCVIpNDrOt7W1vbO7t184KB4eHZ+U7NOzlk4yxaHJE5moTsA0SBFDEwVK6KQKWBRIaAeju3neHoPSIokfcZKCF7FBLELBGRrLt0u9KSCr9MbA6ZNfu/btslN1FqKb4K6gTFZq+PZXr5/wLIIYuWRad10nRS9nCgWXMCv2Mg0p4yM2gK7BmEWgvXyx+IxeGadPw0SZEyNduL9v5CzSehIFZjJiONTr2dz8L+tmGN56uYjTDCHmy4fCTFJM6LwF2hcKOMqJAcaVMLtSPmSKcTRdFU0J7vqXN6FVq7pO1X1wy/VGfVlHgVyQS1IhLrkhdXJPGqRJOMnIM3klb9bUerHerY/l6Ja1qvCc/JH1+QO2C5Kw</latexit>

⇣(~x3)
<latexit sha1_base64="exI83rVz+9AE6qbywVfbzgyW3zg=">AAAB+HicbVC7TgJBFL2LL8QHq5Y2E4kJNmRXCi03sbHERB4JEDI73IUJs4/MzBKB8BWWNhYaY+un2Pk3zoKFgie5uSfn3Ju5c/xEcKUd58vKbWxube/kdwt7+weHRfvouKHiVDKss1jEsuVThYJHWNdcC2wlEmnoC2z6o5vMb45RKh5H93qSYDekg4gHnFFtpJ5d7ExR03JnjIw89KoXPbvkVJwFyDpxf0jJcx6rHgDUevZnpx+zNMRIM0GVartOorszKjVnAueFTqowoWxEB9g2NKIhqu5scficnBulT4JYmoo0Wai/N2Y0VGoS+mYypHqoVr1M/M9rpzq47s54lKQaI7Z8KEgF0THJUiB9LpFpMTGEMsnNrYQNqaRMm6wKJgR39cvrpHFZcZ2Ke+eWvFqWhUEeTuEMyuDCFXhwCzWoA4MUnuAFXq2p9Wy9We/L0Zy17HACf2B9fAOxJ5Qn</latexit><latexit sha1_base64="S2mZfMar35na50BvcM0PphCox0E=">AAAB+HicbVC7TgJBFL2LL8QHqKXNRGKCFmRXCi1JaCwxkUfCks3scIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ3jx4IrbdufVmptfWNzK72d2dnd28/mDg7rKkokwxqLRCSbPlUoeIg1zbXAZiyRBr7Ahj+ozPzGEKXiUXirRzG2A9oLeZczqo3k5bLuGDUtuENk5M4rnXm5vF205yCrxPkh+bJ9X6p8nX9Uvdy724lYEmComaBKtRw71u0JlZozgdOMmyiMKRvQHrYMDWmAqj2ZHz4lp0bpkG4kTYWazNXfGxMaKDUKfDMZUN1Xy95M/M9rJbp71Z7wME40hmzxUDcRREdklgLpcIlMi5EhlElubiWsTyVl2mSVMSE4y19eJfWLomMXnRsnX66WYY40HMMJFMCBSyjDNVShBgwSeIAneLbG1qP1Yr0uRlPWosMR/IH19g1W0pYi</latexit><latexit sha1_base64="S2mZfMar35na50BvcM0PphCox0E=">AAAB+HicbVC7TgJBFL2LL8QHqKXNRGKCFmRXCi1JaCwxkUfCks3scIEJs4/MzBKB8BWWNhYaY+unGBt/xcoBLBQ8yc09OefezJ3jx4IrbdufVmptfWNzK72d2dnd28/mDg7rKkokwxqLRCSbPlUoeIg1zbXAZiyRBr7Ahj+ozPzGEKXiUXirRzG2A9oLeZczqo3k5bLuGDUtuENk5M4rnXm5vF205yCrxPkh+bJ9X6p8nX9Uvdy724lYEmComaBKtRw71u0JlZozgdOMmyiMKRvQHrYMDWmAqj2ZHz4lp0bpkG4kTYWazNXfGxMaKDUKfDMZUN1Xy95M/M9rJbp71Z7wME40hmzxUDcRREdklgLpcIlMi5EhlElubiWsTyVl2mSVMSE4y19eJfWLomMXnRsnX66WYY40HMMJFMCBSyjDNVShBgwSeIAneLbG1qP1Yr0uRlPWosMR/IH19g1W0pYi</latexit><latexit sha1_base64="Q/WhUTShPpXGwkPMcINusiw7Dms=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFqJsyowtdFty4rGAf0A5DJr3ThmYeJJliO/SXuHGhiFt/ijv/jeljoa0HAh/n3JCbE6SCK+0439bG5tb2zm5hr7h/cHhUso9PmirJJMMGS0Qi2wFVKHiMDc21wHYqkUaBwFYwvJvlrRFKxZP4UY9T9CLaj3nIGdXG8u1Sd4KaVrojZOTJv7707bJTdeYi6+AuoQxL1X37q9tLWBZhrJmgSnVcJ9VeTqXmTOC02M0UppQNaR87BmMaofLy+eJTcmGcHgkTaU6sydz9fSOnkVLjKDCTEdUDtZrNzP+yTqbDWy/ncZppjNnioTATRCdk1gLpcYlMi7EByiQ3uxI2oJIybboqmhLc1S+vQ/Oq6jpV98Et1+q1RR0FOINzqIALN1CDe6hDAxhk8Ayv8GZNrBfr3fpYjG5YywpP4Y+szx+3kJKx</latexit>

Time Creation of three particles from vacuum

Scattering On-Shell Decay

�(E1 � E2 � E3) ! 1
(E1�E2�E3)n

<latexit sha1_base64="0bWv03lqMykkuc3je+4QEaGdGF8=">AAACGnicbVBNSwMxFHzrt/Vr1aOXYBHqwbKpgh4LKnisYKvQXZdsmrWh2eySZIWy9Hd48a948aCIN/HinxHT1oNVBx4MM++RzESZ4Np43oczNT0zOze/sFhaWl5ZXXPXN1o6zRVlTZqKVF1FRDPBJWsabgS7yhQjSSTYZdQ7HvqXt0xpnsoL089YkJAbyWNOibFS6GK/w4QhldMQ752GNTv7u8g3KfJjRWiBB8WEdS0HoVv2qt4I6C/B36RcP/gM6wDQCN03v5PSPGHSUEG0bmMvM0FBlOFUsEHJzzXLCO2RG9a2VJKE6aAYRRugHat0UJwqO9KgkfrzoiCJ1v0kspsJMV392xuK/3nt3MRHQcFllhsm6fihOBfIRh/2hDpcMWpE3xJCFbd/RbRLbCfGtlmyJeDfkf+SVq2KvSo+x+X6CYyxAFuwDRXAcAh1OIMGNIHCHTzAEzw7986j8+K8jlennO+bTZiA8/4FzE6fyQ==</latexit><latexit sha1_base64="awhIMe+GZkbQW1l675HN8M74BLI=">AAACGnicbVDLSgMxFM34rPVVdekmWIS6sEyqoMuKFlxWsA/o1CGTZtrQTGZIMkIZ+h1u/Ab/wI0LRdyJG39EcCOmj4VtPXDhcM69JOd4EWdK2/anNTe/sLi0nFpJr66tb2xmtrarKowloRUS8lDWPawoZ4JWNNOc1iNJceBxWvO65wO/dkulYqG41r2INgPcFsxnBGsjuRnktCjXOFdy0WHJLZg5OoCODqHjS0wS1E8mrBvRdzNZO28PAWcJGpNs8fjHPXv4+i67mXenFZI4oEITjpVqIDvSzQRLzQin/bQTKxph0sVt2jBU4ICqZjKM1of7RmlBP5RmhIZD9e9FggOleoFnNgOsO2raG4j/eY1Y+6fNhIko1lSQ0UN+zKGJPugJtpikRPOeIZhIZv4KSQebTrRpM21KQNORZ0m1kEd2Hl2hbPECjJACu2AP5AACJ6AILkEZVAABd+ARPIMX6956sl6tt9HqnDW+2QETsD5+AUtVomc=</latexit><latexit sha1_base64="awhIMe+GZkbQW1l675HN8M74BLI=">AAACGnicbVDLSgMxFM34rPVVdekmWIS6sEyqoMuKFlxWsA/o1CGTZtrQTGZIMkIZ+h1u/Ab/wI0LRdyJG39EcCOmj4VtPXDhcM69JOd4EWdK2/anNTe/sLi0nFpJr66tb2xmtrarKowloRUS8lDWPawoZ4JWNNOc1iNJceBxWvO65wO/dkulYqG41r2INgPcFsxnBGsjuRnktCjXOFdy0WHJLZg5OoCODqHjS0wS1E8mrBvRdzNZO28PAWcJGpNs8fjHPXv4+i67mXenFZI4oEITjpVqIDvSzQRLzQin/bQTKxph0sVt2jBU4ICqZjKM1of7RmlBP5RmhIZD9e9FggOleoFnNgOsO2raG4j/eY1Y+6fNhIko1lSQ0UN+zKGJPugJtpikRPOeIZhIZv4KSQebTrRpM21KQNORZ0m1kEd2Hl2hbPECjJACu2AP5AACJ6AILkEZVAABd+ARPIMX6956sl6tt9HqnDW+2QETsD5+AUtVomc=</latexit><latexit sha1_base64="paTK9/CAcIuAHW7g2MjA2qM1nMQ=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1YZnUhS4LWnBZwT6gMw6ZNNOGZjJDkhHK0O9w46+4caGIO3Hj35i2s7CtBy4czrmX5Jwg4Uxpx/mxVlbX1jc2C1vF7Z3dvX374LCl4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB4PfHbj1QqFot7PUqoF+G+YCEjWBvJt5Hbo1zjct1H53W/aubiDLo6hm4oMcnQOJuzHsTYt0tOxZkCLhOUkxLI0fDtL7cXkzSiQhOOleoiJ9FehqVmhNNx0U0VTTAZ4j7tGipwRJWXTaON4alRejCMpRmh4VT9e5HhSKlRFJjNCOuBWvQm4n9eN9XhlZcxkaSaCjJ7KEw5NNEnPcEek5RoPjIEE8nMXyEZYNOJNm0WTQloMfIyaVUryKmgO1Sq3eR1FMAxOAFlgMAlqIFb0ABNQMATeAFv4N16tl6tD+tztrpi5TdHYA7W9y8BYZ24</latexit>



���36

A result of crossing symmetry of the S-matrix 

LSZ formula shows that you must have all processes 

Only differ by number of particles in the initial state 

Classical NG

0 ! 3
<latexit sha1_base64="rT2zTfvYC7S4t+oRUFxQCIFYynU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUcUnfxORyUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9CjqY=</latexit><latexit sha1_base64="rT2zTfvYC7S4t+oRUFxQCIFYynU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUcUnfxORyUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9CjqY=</latexit><latexit sha1_base64="rT2zTfvYC7S4t+oRUFxQCIFYynU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUcUnfxORyUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9CjqY=</latexit><latexit sha1_base64="rT2zTfvYC7S4t+oRUFxQCIFYynU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUcUnfxORyUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9CjqY=</latexit> 1 ! 2

<latexit sha1_base64="bcGqLp0LIIhzTYsJXk+YCCP8RR4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFKXY8MMCaNYbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9IjqY=</latexit><latexit sha1_base64="bcGqLp0LIIhzTYsJXk+YCCP8RR4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFKXY8MMCaNYbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9IjqY=</latexit><latexit sha1_base64="bcGqLp0LIIhzTYsJXk+YCCP8RR4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFKXY8MMCaNYbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9IjqY=</latexit><latexit sha1_base64="bcGqLp0LIIhzTYsJXk+YCCP8RR4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFKXY8MMCaNYbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9IjqY=</latexit>

2 ! 1
<latexit sha1_base64="563apedUPX0OCNvRdatM/Ac2sbU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFK3QYZYEy8YbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9OjqY=</latexit><latexit sha1_base64="563apedUPX0OCNvRdatM/Ac2sbU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFK3QYZYEy8YbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9OjqY=</latexit><latexit sha1_base64="563apedUPX0OCNvRdatM/Ac2sbU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFK3QYZYEy8YbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9OjqY=</latexit><latexit sha1_base64="563apedUPX0OCNvRdatM/Ac2sbU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFK3QYZYEy8YbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9OjqY=</latexit>

3 ! 0
<latexit sha1_base64="mUOxFvE0zR6U5p87OJu5d8amcJI=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUuSR9ExN3UK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9UjqY=</latexit><latexit sha1_base64="mUOxFvE0zR6U5p87OJu5d8amcJI=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUuSR9ExN3UK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9UjqY=</latexit><latexit sha1_base64="mUOxFvE0zR6U5p87OJu5d8amcJI=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUuSR9ExN3UK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9UjqY=</latexit><latexit sha1_base64="mUOxFvE0zR6U5p87OJu5d8amcJI=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUuSR9ExN3UK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9UjqY=</latexit>



���37

Classical fluctuations = particles in the initial state 

Fluctuations always includes negative frequencies 

Classical probability is just lack of knowledge 

Classical NG

⇣(x, ⌧) =

Z
d3k

(2⇡)3
�⇣p
k3

eik·x [aR,k(cos(k⌧) + k⌧ sin(k⌧)) + aI,k(sin(k⌧)� k⌧ cos(k⌧))]
<latexit sha1_base64="VqxGpQQrxha/Xxx5JBXMpxvZi3w="></latexit><latexit sha1_base64="VqxGpQQrxha/Xxx5JBXMpxvZi3w="></latexit><latexit sha1_base64="VqxGpQQrxha/Xxx5JBXMpxvZi3w="></latexit><latexit sha1_base64="VqxGpQQrxha/Xxx5JBXMpxvZi3w="></latexit>

a~k =
1

2
[aR,~k + iaI,~k]

<latexit sha1_base64="dsMARdhhZvb6IweraWN80INbwaw=">AAACJXicbVDLSgMxFM3UV62vqks3F4sgWMpMEXShUHSjuyr2Ae1QMmmmDc08SDKFMszPuPFX3LiwiODKXzHTzkJbDwQO55zLzT1OyJlUpvll5FZW19Y38puFre2d3b3i/kFTBpEgtEECHoi2gyXlzKcNxRSn7VBQ7DmctpzRbeq3xlRIFvhPahJS28MDn7mMYKWlXvEK9+LumBIYJXAN0HUFJrGVxNUEOtp6LGfmGQADLdyXYaakebtXLJkVcwZYJlZGSihDvVecdvsBiTzqK8KxlB3LDJUdY6EY4TQpdCNJQ0xGeEA7mvrYo9KOZ1cmcKKVPriB0M9XMFN/T8TYk3LiOTrpYTWUi14q/ud1IuVe2jHzw0hRn8wXuREHFUBaGfSZoETxiSaYCKb/CmSIdVFKF1vQJViLJy+TZrVimRXr4bxUu8nqyKMjdIxOkYUuUA3doTpqIIKe0St6R1PjxXgzPozPeTRnZDOH6A+M7x9Qa6Kh</latexit><latexit sha1_base64="dsMARdhhZvb6IweraWN80INbwaw=">AAACJXicbVDLSgMxFM3UV62vqks3F4sgWMpMEXShUHSjuyr2Ae1QMmmmDc08SDKFMszPuPFX3LiwiODKXzHTzkJbDwQO55zLzT1OyJlUpvll5FZW19Y38puFre2d3b3i/kFTBpEgtEECHoi2gyXlzKcNxRSn7VBQ7DmctpzRbeq3xlRIFvhPahJS28MDn7mMYKWlXvEK9+LumBIYJXAN0HUFJrGVxNUEOtp6LGfmGQADLdyXYaakebtXLJkVcwZYJlZGSihDvVecdvsBiTzqK8KxlB3LDJUdY6EY4TQpdCNJQ0xGeEA7mvrYo9KOZ1cmcKKVPriB0M9XMFN/T8TYk3LiOTrpYTWUi14q/ud1IuVe2jHzw0hRn8wXuREHFUBaGfSZoETxiSaYCKb/CmSIdVFKF1vQJViLJy+TZrVimRXr4bxUu8nqyKMjdIxOkYUuUA3doTpqIIKe0St6R1PjxXgzPozPeTRnZDOH6A+M7x9Qa6Kh</latexit><latexit sha1_base64="dsMARdhhZvb6IweraWN80INbwaw=">AAACJXicbVDLSgMxFM3UV62vqks3F4sgWMpMEXShUHSjuyr2Ae1QMmmmDc08SDKFMszPuPFX3LiwiODKXzHTzkJbDwQO55zLzT1OyJlUpvll5FZW19Y38puFre2d3b3i/kFTBpEgtEECHoi2gyXlzKcNxRSn7VBQ7DmctpzRbeq3xlRIFvhPahJS28MDn7mMYKWlXvEK9+LumBIYJXAN0HUFJrGVxNUEOtp6LGfmGQADLdyXYaakebtXLJkVcwZYJlZGSihDvVecdvsBiTzqK8KxlB3LDJUdY6EY4TQpdCNJQ0xGeEA7mvrYo9KOZ1cmcKKVPriB0M9XMFN/T8TYk3LiOTrpYTWUi14q/ud1IuVe2jHzw0hRn8wXuREHFUBaGfSZoETxiSaYCKb/CmSIdVFKF1vQJViLJy+TZrVimRXr4bxUu8nqyKMjdIxOkYUuUA3doTpqIIKe0St6R1PjxXgzPozPeTRnZDOH6A+M7x9Qa6Kh</latexit><latexit sha1_base64="dsMARdhhZvb6IweraWN80INbwaw=">AAACJXicbVDLSgMxFM3UV62vqks3F4sgWMpMEXShUHSjuyr2Ae1QMmmmDc08SDKFMszPuPFX3LiwiODKXzHTzkJbDwQO55zLzT1OyJlUpvll5FZW19Y38puFre2d3b3i/kFTBpEgtEECHoi2gyXlzKcNxRSn7VBQ7DmctpzRbeq3xlRIFvhPahJS28MDn7mMYKWlXvEK9+LumBIYJXAN0HUFJrGVxNUEOtp6LGfmGQADLdyXYaakebtXLJkVcwZYJlZGSihDvVecdvsBiTzqK8KxlB3LDJUdY6EY4TQpdCNJQ0xGeEA7mvrYo9KOZ1cmcKKVPriB0M9XMFN/T8TYk3LiOTrpYTWUi14q/ud1IuVe2jHzw0hRn8wXuREHFUBaGfSZoETxiSaYCKb/CmSIdVFKF1vQJViLJy+TZrVimRXr4bxUu8nqyKMjdIxOkYUuUA3doTpqIIKe0St6R1PjxXgzPozPeTRnZDOH6A+M7x9Qa6Kh</latexit>

haR,kaR,k0ic = � (k+ k0) = haI,kaI,k0ic
<latexit sha1_base64="g8HQJx3lD7LkwTvUqnbqkh4TTcw="></latexit><latexit sha1_base64="g8HQJx3lD7LkwTvUqnbqkh4TTcw="></latexit><latexit sha1_base64="g8HQJx3lD7LkwTvUqnbqkh4TTcw="></latexit><latexit sha1_base64="g8HQJx3lD7LkwTvUqnbqkh4TTcw="></latexit>
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Classical fluctuations = particles in the initial state 

Observed fluctuations exist in the far past 

Classical probability is just lack of knowledge 

Classical NG

Created

Observed
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No classical analogue of vacuum fluctuations 

Quantum vacuum has no initial particles 

Quantum vs Classical

0 ! 3
<latexit sha1_base64="rT2zTfvYC7S4t+oRUFxQCIFYynU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUcUnfxORyUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9CjqY=</latexit><latexit sha1_base64="rT2zTfvYC7S4t+oRUFxQCIFYynU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUcUnfxORyUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9CjqY=</latexit><latexit sha1_base64="rT2zTfvYC7S4t+oRUFxQCIFYynU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUcUnfxORyUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9CjqY=</latexit><latexit sha1_base64="rT2zTfvYC7S4t+oRUFxQCIFYynU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUcUnfxORyUK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9CjqY=</latexit> 1 ! 2

<latexit sha1_base64="bcGqLp0LIIhzTYsJXk+YCCP8RR4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFKXY8MMCaNYbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9IjqY=</latexit><latexit sha1_base64="bcGqLp0LIIhzTYsJXk+YCCP8RR4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFKXY8MMCaNYbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9IjqY=</latexit><latexit sha1_base64="bcGqLp0LIIhzTYsJXk+YCCP8RR4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFKXY8MMCaNYbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9IjqY=</latexit><latexit sha1_base64="bcGqLp0LIIhzTYsJXk+YCCP8RR4=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFKXY8MMCaNYbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9IjqY=</latexit>

2 ! 1
<latexit sha1_base64="563apedUPX0OCNvRdatM/Ac2sbU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFK3QYZYEy8YbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9OjqY=</latexit><latexit sha1_base64="563apedUPX0OCNvRdatM/Ac2sbU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFK3QYZYEy8YbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9OjqY=</latexit><latexit sha1_base64="563apedUPX0OCNvRdatM/Ac2sbU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFK3QYZYEy8YbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9OjqY=</latexit><latexit sha1_base64="563apedUPX0OCNvRdatM/Ac2sbU=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiRF0GVBEJcV7APaUCbTSTt0MgkzN0IJ/Qg3LhRx6/e482+cpllo64GBwzn3MvecIJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMbxd+94lrI2L1iLOE+xEdKxEKRtFK3QYZYEy8YbXm1t0cZJ14BalBgdaw+jUYxSyNuEImqTF9z03Qz6hGwSSfVwap4QllUzrmfUsVjbjxs/zcObmwyoiEsbZPIcnV3xsZjYyZRYGdjChOzKq3EP/z+imGN34mVJIiV2z5UZhKYiMuspOR0JyhnFlCmRb2VsImVFOGtqGKLcFbjbxOOo2659a9h6ta866oowxncA6X4ME1NOEeWtAGBlN4hld4cxLnxXl3PpajJafYOYU/cD5/AO9OjqY=</latexit>

3 ! 0
<latexit sha1_base64="mUOxFvE0zR6U5p87OJu5d8amcJI=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUuSR9ExN3UK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9UjqY=</latexit><latexit sha1_base64="mUOxFvE0zR6U5p87OJu5d8amcJI=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUuSR9ExN3UK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9UjqY=</latexit><latexit sha1_base64="mUOxFvE0zR6U5p87OJu5d8amcJI=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUuSR9ExN3UK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9UjqY=</latexit><latexit sha1_base64="mUOxFvE0zR6U5p87OJu5d8amcJI=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQq6LIgiMsK9gFtKJPpTTt0MgkzE6GEfoQbF4q49Xvc+TdO0yy09cDA4Zx7mXtOkAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqzUuSR9ExN3UK25dTcHWSVeQWpQoDmofvWHMUsjlIYJqnXPcxPjZ1QZzgTOKv1UY0LZhI6wZ6mkEWo/y8+dkTOrDEkYK/ukIbn6eyOjkdbTKLCTETVjvezNxf+8XmrCGz/jMkkNSrb4KEwFsRHn2cmQK2RGTC2hTHF7K2FjqigztqGKLcFbjrxK2hd1z617D1e1xl1RRxlO4BTOwYNraMA9NKEFDCbwDK/w5iTOi/PufCxGS06xcwx/4Hz+AO9UjqY=</latexit>
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In detail: compare quantum In-In to classical EoM 

Quantum vs Classical
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<latexit sha1_base64="ffCf4IgmSZoscZHiST6Put+HOmQ="></latexit><latexit sha1_base64="ffCf4IgmSZoscZHiST6Put+HOmQ="></latexit><latexit sha1_base64="ffCf4IgmSZoscZHiST6Put+HOmQ="></latexit><latexit sha1_base64="ffCf4IgmSZoscZHiST6Put+HOmQ="></latexit>
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Ġ (t, t0;x1 � x0)

D
⇣̇
2 (x0

, t
0) ⇣ (x2, t) ⇣ (x3, t)

E
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Removing ordering with commutators 

Quantum vs Classical
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Non-Local  
Hidden Variables
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We can evade Bell’s inequality if we give up locality 

Is there a similar result in cosmological signature? 
 
Idea: Classical theory prefers positive frequencies 

Use a complex scalar 

  

Only excite the positive frequencies 

Hidden Variables
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Now we will simply invent a “Green’s function” 

By analogy with an interaction 

  

Describes 1 particle decaying to 2 anti-particles

Hidden Variables
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Using this to compute the bispectrum gives 

Only net creation of three antiparticles 

Only a total energy pole

Hidden Variables
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This theory is non-local 

Non-zero at space-like separations  

In a local theory, must vanish outside the light-cone 

Hidden Variables
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In this local theory 

and 

Include 2 particles annihilating to 1 anti-particle 

Non-trivial relation between crossing and causality
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This is the same as the need for antiparticles  

Lorentz invariance requires they come together

Hidden Variables

Boost
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Observational 
Implications
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Primordial Non-Gaussianity



On general groups, bispectra take the form 

Momentum conservation: 

Scale invariance:
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Primordial Non-Gaussianity
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<latexit sha1_base64="uPDwSTmaQudidZQEYaZclSB8eSI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNBDx4r2A9oQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpr6xubW+Xtys7u3v5B9fCobaJEM2yxSES6G1CDgitsWW4FdmONVAYCO8HkNvc7T6gNj9SjncboSzpSPOSM2lyaDC4rg2rNrbtzkFXiFaQGBZqD6ld/GLFEorJMUGN6nhtbP6XaciZwVuknBmPKJnSEvYwqKtH46fzWGTnLlCEJI52VsmSu/p5IqTRmKoOsU1I7NsteLv7n9RIb3vgpV3FiUbHFojARxEYkf5wMuUZmxTQjlGme3UrYmGrKbBZPHoK3/PIqaV/UPbfuPVzVGndFHGU4gVM4Bw+uoQH30IQWMBjDM7zCmyOdF+fd+Vi0lpxi5hj+wPn8ATCRjas=</latexit><latexit sha1_base64="uPDwSTmaQudidZQEYaZclSB8eSI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNBDx4r2A9oQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpr6xubW+Xtys7u3v5B9fCobaJEM2yxSES6G1CDgitsWW4FdmONVAYCO8HkNvc7T6gNj9SjncboSzpSPOSM2lyaDC4rg2rNrbtzkFXiFaQGBZqD6ld/GLFEorJMUGN6nhtbP6XaciZwVuknBmPKJnSEvYwqKtH46fzWGTnLlCEJI52VsmSu/p5IqTRmKoOsU1I7NsteLv7n9RIb3vgpV3FiUbHFojARxEYkf5wMuUZmxTQjlGme3UrYmGrKbBZPHoK3/PIqaV/UPbfuPVzVGndFHGU4gVM4Bw+uoQH30IQWMBjDM7zCmyOdF+fd+Vi0lpxi5hj+wPn8ATCRjas=</latexit><latexit sha1_base64="uPDwSTmaQudidZQEYaZclSB8eSI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNBDx4r2A9oQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpr6xubW+Xtys7u3v5B9fCobaJEM2yxSES6G1CDgitsWW4FdmONVAYCO8HkNvc7T6gNj9SjncboSzpSPOSM2lyaDC4rg2rNrbtzkFXiFaQGBZqD6ld/GLFEorJMUGN6nhtbP6XaciZwVuknBmPKJnSEvYwqKtH46fzWGTnLlCEJI52VsmSu/p5IqTRmKoOsU1I7NsteLv7n9RIb3vgpV3FiUbHFojARxEYkf5wMuUZmxTQjlGme3UrYmGrKbBZPHoK3/PIqaV/UPbfuPVzVGndFHGU4gVM4Bw+uoQH30IQWMBjDM7zCmyOdF+fd+Vi0lpxi5hj+wPn8ATCRjas=</latexit><latexit sha1_base64="uPDwSTmaQudidZQEYaZclSB8eSI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNBDx4r2A9oQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpr6xubW+Xtys7u3v5B9fCobaJEM2yxSES6G1CDgitsWW4FdmONVAYCO8HkNvc7T6gNj9SjncboSzpSPOSM2lyaDC4rg2rNrbtzkFXiFaQGBZqD6ld/GLFEorJMUGN6nhtbP6XaciZwVuknBmPKJnSEvYwqKtH46fzWGTnLlCEJI52VsmSu/p5IqTRmKoOsU1I7NsteLv7n9RIb3vgpV3FiUbHFojARxEYkf5wMuUZmxTQjlGme3UrYmGrKbBZPHoK3/PIqaV/UPbfuPVzVGndFHGU4gVM4Bw+uoQH30IQWMBjDM7zCmyOdF+fd+Vi0lpxi5hj+wPn8ATCRjas=</latexit>

1
<latexit sha1_base64="59UKdnQu0quzucEIoUA7TdbL6Ew=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlpjcoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U7/I4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBezeMtw==</latexit><latexit sha1_base64="59UKdnQu0quzucEIoUA7TdbL6Ew=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlpjcoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U7/I4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBezeMtw==</latexit><latexit sha1_base64="59UKdnQu0quzucEIoUA7TdbL6Ew=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlpjcoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U7/I4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBezeMtw==</latexit><latexit sha1_base64="59UKdnQu0quzucEIoUA7TdbL6Ew=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlpjcoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U7/I4inAG53AJHtSgDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBezeMtw==</latexit>

x1
<latexit sha1_base64="kOsxPcQjCrvyRBqMlVNvdaaQ0bA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCIB4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx9cxvP6LSPJYPZpKgH9Gh5CFn1Fjp/qnv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVuo3eRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM5I2k</latexit><latexit sha1_base64="kOsxPcQjCrvyRBqMlVNvdaaQ0bA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCIB4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx9cxvP6LSPJYPZpKgH9Gh5CFn1Fjp/qnv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVuo3eRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM5I2k</latexit><latexit sha1_base64="kOsxPcQjCrvyRBqMlVNvdaaQ0bA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCIB4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx9cxvP6LSPJYPZpKgH9Gh5CFn1Fjp/qnv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVuo3eRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM5I2k</latexit><latexit sha1_base64="kOsxPcQjCrvyRBqMlVNvdaaQ0bA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCIB4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx9cxvP6LSPJYPZpKgH9Gh5CFn1Fjp/qnv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1dVuo3eRxFOIFTOAcPalCHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM5I2k</latexit>

x2
<latexit sha1_base64="hmHFgkTiQMVgcOGNBvgP20MHHCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCIB4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx9cxvP6LSPJYPZpKgH9Gh5CFn1Fjp/qlf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1dVOo3eRxFOIFTOAcPLqEOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEOaI2l</latexit><latexit sha1_base64="hmHFgkTiQMVgcOGNBvgP20MHHCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCIB4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx9cxvP6LSPJYPZpKgH9Gh5CFn1Fjp/qlf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1dVOo3eRxFOIFTOAcPLqEOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEOaI2l</latexit><latexit sha1_base64="hmHFgkTiQMVgcOGNBvgP20MHHCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCIB4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx9cxvP6LSPJYPZpKgH9Gh5CFn1Fjp/qlf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1dVOo3eRxFOIFTOAcPLqEOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEOaI2l</latexit><latexit sha1_base64="hmHFgkTiQMVgcOGNBvgP20MHHCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCIB4r2g9oQ9lsJ+3SzSbsbsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx9cxvP6LSPJYPZpKgH9Gh5CFn1Fjp/qlf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKqVT236t1dVOo3eRxFOIFTOAcPLqEOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEOaI2l</latexit>

⇥ 1

k63
<latexit sha1_base64="3lyDA5tUYcWnBJCkSjsIBb9GS6Y=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KoqMuCIC4r2Ac0MUymk3boZBJmboQSs/BX3LhQxK2/4c6/cfpYaOuBC4dz7uXee8JUcA2O820tLC4tr6yW1srrG5tb2/bOblMnmaKsQRORqHZINBNcsgZwEKydKkbiULBWOLga+a0HpjRP5B0MU+bHpCd5xCkBIwX2vgc8Zhp7kSI0d4t8EJzenxeBXXGqzhh4nrhTUkFT1AP7y+smNIuZBCqI1h3XScHPiQJOBSvKXqZZSuiA9FjHUEnMUj8f31/gI6N0cZQoUxLwWP09kZNY62Ecms6YQF/PeiPxP6+TQXTp51ymGTBJJ4uiTGBI8CgM3OWKURBDQwhV3NyKaZ+YJMBEVjYhuLMvz5PmSdV1qu7tWaV2PY2jhA7QITpGLrpANXSD6qiBKHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8weZNpXT</latexit><latexit sha1_base64="3lyDA5tUYcWnBJCkSjsIBb9GS6Y=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KoqMuCIC4r2Ac0MUymk3boZBJmboQSs/BX3LhQxK2/4c6/cfpYaOuBC4dz7uXee8JUcA2O820tLC4tr6yW1srrG5tb2/bOblMnmaKsQRORqHZINBNcsgZwEKydKkbiULBWOLga+a0HpjRP5B0MU+bHpCd5xCkBIwX2vgc8Zhp7kSI0d4t8EJzenxeBXXGqzhh4nrhTUkFT1AP7y+smNIuZBCqI1h3XScHPiQJOBSvKXqZZSuiA9FjHUEnMUj8f31/gI6N0cZQoUxLwWP09kZNY62Ecms6YQF/PeiPxP6+TQXTp51ymGTBJJ4uiTGBI8CgM3OWKURBDQwhV3NyKaZ+YJMBEVjYhuLMvz5PmSdV1qu7tWaV2PY2jhA7QITpGLrpANXSD6qiBKHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8weZNpXT</latexit><latexit sha1_base64="3lyDA5tUYcWnBJCkSjsIBb9GS6Y=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KoqMuCIC4r2Ac0MUymk3boZBJmboQSs/BX3LhQxK2/4c6/cfpYaOuBC4dz7uXee8JUcA2O820tLC4tr6yW1srrG5tb2/bOblMnmaKsQRORqHZINBNcsgZwEKydKkbiULBWOLga+a0HpjRP5B0MU+bHpCd5xCkBIwX2vgc8Zhp7kSI0d4t8EJzenxeBXXGqzhh4nrhTUkFT1AP7y+smNIuZBCqI1h3XScHPiQJOBSvKXqZZSuiA9FjHUEnMUj8f31/gI6N0cZQoUxLwWP09kZNY62Ecms6YQF/PeiPxP6+TQXTp51ymGTBJJ4uiTGBI8CgM3OWKURBDQwhV3NyKaZ+YJMBEVjYhuLMvz5PmSdV1qu7tWaV2PY2jhA7QITpGLrpANXSD6qiBKHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8weZNpXT</latexit><latexit sha1_base64="3lyDA5tUYcWnBJCkSjsIBb9GS6Y=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KoqMuCIC4r2Ac0MUymk3boZBJmboQSs/BX3LhQxK2/4c6/cfpYaOuBC4dz7uXee8JUcA2O820tLC4tr6yW1srrG5tb2/bOblMnmaKsQRORqHZINBNcsgZwEKydKkbiULBWOLga+a0HpjRP5B0MU+bHpCd5xCkBIwX2vgc8Zhp7kSI0d4t8EJzenxeBXXGqzhh4nrhTUkFT1AP7y+smNIuZBCqI1h3XScHPiQJOBSvKXqZZSuiA9FjHUEnMUj8f31/gI6N0cZQoUxLwWP09kZNY62Ecms6YQF/PeiPxP6+TQXTp51ymGTBJJ4uiTGBI8CgM3OWKURBDQwhV3NyKaZ+YJMBEVjYhuLMvz5PmSdV1qu7tWaV2PY2jhA7QITpGLrpANXSD6qiBKHpEz+gVvVlP1ov1bn1MWhes6cwe+gPr8weZNpXT</latexit>



Defined by amplitude and “shape” 

The shapes live in a basis of orthogonal functions 

Cosine is how easily they are distinguish (in 3pt)

���52

Primordial Non-Gaussianity

B(k1, k2, k3) = fNL
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S(x1, x2)
<latexit sha1_base64="9jZEVCJA3Aj2JE3aQ49q1m+c+Vc="></latexit><latexit sha1_base64="9jZEVCJA3Aj2JE3aQ49q1m+c+Vc="></latexit><latexit sha1_base64="9jZEVCJA3Aj2JE3aQ49q1m+c+Vc="></latexit><latexit sha1_base64="9jZEVCJA3Aj2JE3aQ49q1m+c+Vc="></latexit>

Z
dx1dx2S1(x1, x2)S2(x1, x2) = S1 · S2 = cos12

<latexit sha1_base64="OKkRAMUn6mIzT3ut+F9LET47Jm4="></latexit><latexit sha1_base64="OKkRAMUn6mIzT3ut+F9LET47Jm4="></latexit><latexit sha1_base64="OKkRAMUn6mIzT3ut+F9LET47Jm4="></latexit><latexit sha1_base64="OKkRAMUn6mIzT3ut+F9LET47Jm4="></latexit>



x1
<latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit>

x2
<latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit>

���53

Current Limits

f local
NL = �0.9± 5.1

<latexit sha1_base64="UQhXDgz1S/kQOFNVvf91NBtZBGc=">AAACFnicbVDLSgMxFM3UV62vqks3wSK46TAjiroQBDcKIhXsAzq1ZNJMG0xmhuSOWIb5Cjf+ihsXirgVd/6N6WOhrQcCh3Pu5eYcPxZcg+N8W7mZ2bn5hfxiYWl5ZXWtuL5R01GiKKvSSESq4RPNBA9ZFTgI1ogVI9IXrO7fnQ38+j1TmkfhDfRj1pKkG/KAUwJGahfLQTv1JIGekunVZZbdph6wB8CpiCgROMtOyo59jL1Y4gPbbRdLju0MgaeJOyYlNEalXfzyOhFNJAuBCqJ103ViaKVEAaeCZQUv0Swm9I50WdPQkEimW+kwVoZ3jNLBQaTMCwEP1d8bKZFa96VvJgcJ9KQ3EP/zmgkER62Uh3ECLKSjQ0EiMER40BHucMUoiL4hhCpu/oppjyhCwTRZMCW4k5GnSW3Pdh3bvd4vnV6M68ijLbSNdpGLDtEpOkcVVEUUPaJn9IrerCfrxXq3PkajOWu8s4n+wPr8Ac0PnnA=</latexit><latexit sha1_base64="UQhXDgz1S/kQOFNVvf91NBtZBGc=">AAACFnicbVDLSgMxFM3UV62vqks3wSK46TAjiroQBDcKIhXsAzq1ZNJMG0xmhuSOWIb5Cjf+ihsXirgVd/6N6WOhrQcCh3Pu5eYcPxZcg+N8W7mZ2bn5hfxiYWl5ZXWtuL5R01GiKKvSSESq4RPNBA9ZFTgI1ogVI9IXrO7fnQ38+j1TmkfhDfRj1pKkG/KAUwJGahfLQTv1JIGekunVZZbdph6wB8CpiCgROMtOyo59jL1Y4gPbbRdLju0MgaeJOyYlNEalXfzyOhFNJAuBCqJ103ViaKVEAaeCZQUv0Swm9I50WdPQkEimW+kwVoZ3jNLBQaTMCwEP1d8bKZFa96VvJgcJ9KQ3EP/zmgkER62Uh3ECLKSjQ0EiMER40BHucMUoiL4hhCpu/oppjyhCwTRZMCW4k5GnSW3Pdh3bvd4vnV6M68ijLbSNdpGLDtEpOkcVVEUUPaJn9IrerCfrxXq3PkajOWu8s4n+wPr8Ac0PnnA=</latexit><latexit sha1_base64="UQhXDgz1S/kQOFNVvf91NBtZBGc=">AAACFnicbVDLSgMxFM3UV62vqks3wSK46TAjiroQBDcKIhXsAzq1ZNJMG0xmhuSOWIb5Cjf+ihsXirgVd/6N6WOhrQcCh3Pu5eYcPxZcg+N8W7mZ2bn5hfxiYWl5ZXWtuL5R01GiKKvSSESq4RPNBA9ZFTgI1ogVI9IXrO7fnQ38+j1TmkfhDfRj1pKkG/KAUwJGahfLQTv1JIGekunVZZbdph6wB8CpiCgROMtOyo59jL1Y4gPbbRdLju0MgaeJOyYlNEalXfzyOhFNJAuBCqJ103ViaKVEAaeCZQUv0Swm9I50WdPQkEimW+kwVoZ3jNLBQaTMCwEP1d8bKZFa96VvJgcJ9KQ3EP/zmgkER62Uh3ECLKSjQ0EiMER40BHucMUoiL4hhCpu/oppjyhCwTRZMCW4k5GnSW3Pdh3bvd4vnV6M68ijLbSNdpGLDtEpOkcVVEUUPaJn9IrerCfrxXq3PkajOWu8s4n+wPr8Ac0PnnA=</latexit><latexit sha1_base64="UQhXDgz1S/kQOFNVvf91NBtZBGc=">AAACFnicbVDLSgMxFM3UV62vqks3wSK46TAjiroQBDcKIhXsAzq1ZNJMG0xmhuSOWIb5Cjf+ihsXirgVd/6N6WOhrQcCh3Pu5eYcPxZcg+N8W7mZ2bn5hfxiYWl5ZXWtuL5R01GiKKvSSESq4RPNBA9ZFTgI1ogVI9IXrO7fnQ38+j1TmkfhDfRj1pKkG/KAUwJGahfLQTv1JIGekunVZZbdph6wB8CpiCgROMtOyo59jL1Y4gPbbRdLju0MgaeJOyYlNEalXfzyOhFNJAuBCqJ103ViaKVEAaeCZQUv0Swm9I50WdPQkEimW+kwVoZ3jNLBQaTMCwEP1d8bKZFa96VvJgcJ9KQ3EP/zmgkER62Uh3ECLKSjQ0EiMER40BHucMUoiL4hhCpu/oppjyhCwTRZMCW4k5GnSW3Pdh3bvd4vnV6M68ijLbSNdpGLDtEpOkcVVEUUPaJn9IrerCfrxXq3PkajOWu8s4n+wPr8Ac0PnnA=</latexit>

Slocal
<latexit sha1_base64="Wi/C2TTuljEhaUS1EzhUiUl6KSc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMh81hnZgNhyXd48aCIVz/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtMdWGKfloJwkNBR5IFjOCrZPCh17W1QJxRTCf9soVv+rPgVZJkJMK5Kj3yl/dviKpoNISjo3pBH5iwwxrywin01I3NTTBZIQHtOOoxIKaMJsfPUVnTumjWGlX0qK5+nsiw8KYiYhcp8B2aJa9mfif10ltfB1mTCappZIsFsUpR1ahWQKozzQllk8cwUQzdysiQ6wxsS6nkgshWH55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAwg8wTO8wps39l68d+9j0Vrw8plj+APv8we10ZIM</latexit><latexit sha1_base64="Wi/C2TTuljEhaUS1EzhUiUl6KSc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMh81hnZgNhyXd48aCIVz/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtMdWGKfloJwkNBR5IFjOCrZPCh17W1QJxRTCf9soVv+rPgVZJkJMK5Kj3yl/dviKpoNISjo3pBH5iwwxrywin01I3NTTBZIQHtOOoxIKaMJsfPUVnTumjWGlX0qK5+nsiw8KYiYhcp8B2aJa9mfif10ltfB1mTCappZIsFsUpR1ahWQKozzQllk8cwUQzdysiQ6wxsS6nkgshWH55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAwg8wTO8wps39l68d+9j0Vrw8plj+APv8we10ZIM</latexit><latexit sha1_base64="Wi/C2TTuljEhaUS1EzhUiUl6KSc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMh81hnZgNhyXd48aCIVz/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtMdWGKfloJwkNBR5IFjOCrZPCh17W1QJxRTCf9soVv+rPgVZJkJMK5Kj3yl/dviKpoNISjo3pBH5iwwxrywin01I3NTTBZIQHtOOoxIKaMJsfPUVnTumjWGlX0qK5+nsiw8KYiYhcp8B2aJa9mfif10ltfB1mTCappZIsFsUpR1ahWQKozzQllk8cwUQzdysiQ6wxsS6nkgshWH55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAwg8wTO8wps39l68d+9j0Vrw8plj+APv8we10ZIM</latexit><latexit sha1_base64="Wi/C2TTuljEhaUS1EzhUiUl6KSc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMh81hnZgNhyXd48aCIVz/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtMdWGKfloJwkNBR5IFjOCrZPCh17W1QJxRTCf9soVv+rPgVZJkJMK5Kj3yl/dviKpoNISjo3pBH5iwwxrywin01I3NTTBZIQHtOOoxIKaMJsfPUVnTumjWGlX0qK5+nsiw8KYiYhcp8B2aJa9mfif10ltfB1mTCappZIsFsUpR1ahWQKozzQllk8cwUQzdysiQ6wxsS6nkgshWH55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAwg8wTO8wps39l68d+9j0Vrw8plj+APv8we10ZIM</latexit>

Courtesy of Fergusson & Shellard
Babich et al.

The “Local Shape”

Planck 2018



x1
<latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit>

x2
<latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit>

f equil
NL = �26± 47

<latexit sha1_base64="PY1Cl8ePOYRErbG56NPWvxfhhGU=">AAACFHicbVBNS8NAEN34bf2qevSyWARBLImIehEELwoiClaFppbNdtIu3U3i7kQsIT/Ci3/FiwdFvHrw5r9xW3vQ1gcDj/dmmJkXJFIYdN0vZ2R0bHxicmq6MDM7N79QXFy6NHGqOVR4LGN9HTADUkRQQYESrhMNTAUSroL2Yde/ugNtRBxdYCeBmmLNSISCM7RSvbgR1jNfMWxplZ2e5PlN5iPcI83gNhWS5vn+5tYO9RNFt3frxZJbdnugw8TrkxLp46xe/PQbMU8VRMglM6bquQnWMqZRcAl5wU8NJIy3WROqlkZMgallvadyumaVBg1jbStC2lN/T2RMGdNRge3s3m8Gva74n1dNMdyrZSJKUoSI/ywKU0kxpt2EaENo4Cg7ljCuhb2V8hbTjKPNsWBD8AZfHiaXW2XPLXvn26WD434cU2SFrJJ14pFdckCOyBmpEE4eyBN5Ia/Oo/PsvDnvP60jTn9mmfyB8/EN/zeeGQ==</latexit><latexit sha1_base64="PY1Cl8ePOYRErbG56NPWvxfhhGU=">AAACFHicbVBNS8NAEN34bf2qevSyWARBLImIehEELwoiClaFppbNdtIu3U3i7kQsIT/Ci3/FiwdFvHrw5r9xW3vQ1gcDj/dmmJkXJFIYdN0vZ2R0bHxicmq6MDM7N79QXFy6NHGqOVR4LGN9HTADUkRQQYESrhMNTAUSroL2Yde/ugNtRBxdYCeBmmLNSISCM7RSvbgR1jNfMWxplZ2e5PlN5iPcI83gNhWS5vn+5tYO9RNFt3frxZJbdnugw8TrkxLp46xe/PQbMU8VRMglM6bquQnWMqZRcAl5wU8NJIy3WROqlkZMgallvadyumaVBg1jbStC2lN/T2RMGdNRge3s3m8Gva74n1dNMdyrZSJKUoSI/ywKU0kxpt2EaENo4Cg7ljCuhb2V8hbTjKPNsWBD8AZfHiaXW2XPLXvn26WD434cU2SFrJJ14pFdckCOyBmpEE4eyBN5Ia/Oo/PsvDnvP60jTn9mmfyB8/EN/zeeGQ==</latexit><latexit sha1_base64="PY1Cl8ePOYRErbG56NPWvxfhhGU=">AAACFHicbVBNS8NAEN34bf2qevSyWARBLImIehEELwoiClaFppbNdtIu3U3i7kQsIT/Ci3/FiwdFvHrw5r9xW3vQ1gcDj/dmmJkXJFIYdN0vZ2R0bHxicmq6MDM7N79QXFy6NHGqOVR4LGN9HTADUkRQQYESrhMNTAUSroL2Yde/ugNtRBxdYCeBmmLNSISCM7RSvbgR1jNfMWxplZ2e5PlN5iPcI83gNhWS5vn+5tYO9RNFt3frxZJbdnugw8TrkxLp46xe/PQbMU8VRMglM6bquQnWMqZRcAl5wU8NJIy3WROqlkZMgallvadyumaVBg1jbStC2lN/T2RMGdNRge3s3m8Gva74n1dNMdyrZSJKUoSI/ywKU0kxpt2EaENo4Cg7ljCuhb2V8hbTjKPNsWBD8AZfHiaXW2XPLXvn26WD434cU2SFrJJ14pFdckCOyBmpEE4eyBN5Ia/Oo/PsvDnvP60jTn9mmfyB8/EN/zeeGQ==</latexit><latexit sha1_base64="PY1Cl8ePOYRErbG56NPWvxfhhGU=">AAACFHicbVBNS8NAEN34bf2qevSyWARBLImIehEELwoiClaFppbNdtIu3U3i7kQsIT/Ci3/FiwdFvHrw5r9xW3vQ1gcDj/dmmJkXJFIYdN0vZ2R0bHxicmq6MDM7N79QXFy6NHGqOVR4LGN9HTADUkRQQYESrhMNTAUSroL2Yde/ugNtRBxdYCeBmmLNSISCM7RSvbgR1jNfMWxplZ2e5PlN5iPcI83gNhWS5vn+5tYO9RNFt3frxZJbdnugw8TrkxLp46xe/PQbMU8VRMglM6bquQnWMqZRcAl5wU8NJIy3WROqlkZMgallvadyumaVBg1jbStC2lN/T2RMGdNRge3s3m8Gva74n1dNMdyrZSJKUoSI/ywKU0kxpt2EaENo4Cg7ljCuhb2V8hbTjKPNsWBD8AZfHiaXW2XPLXvn26WD434cU2SFrJJ14pFdckCOyBmpEE4eyBN5Ia/Oo/PsvDnvP60jTn9mmfyB8/EN/zeeGQ==</latexit>

���54

Current Limits

Seq
<latexit sha1_base64="vWyOhH3a8cxb5IAhgbEoxeD5K50=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbT6g0j+W9GSfoR3QgecgZNVZ6uOtlXRURfJz0yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VPbfq3Z5Xald5HEU4gmM4BQ8uoAY3UIcGMJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AGXrkLk=</latexit><latexit sha1_base64="vWyOhH3a8cxb5IAhgbEoxeD5K50=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbT6g0j+W9GSfoR3QgecgZNVZ6uOtlXRURfJz0yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VPbfq3Z5Xald5HEU4gmM4BQ8uoAY3UIcGMJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AGXrkLk=</latexit><latexit sha1_base64="vWyOhH3a8cxb5IAhgbEoxeD5K50=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbT6g0j+W9GSfoR3QgecgZNVZ6uOtlXRURfJz0yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VPbfq3Z5Xald5HEU4gmM4BQ8uoAY3UIcGMJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AGXrkLk=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="6ZyRLn6GNUTdQoe9QoE6VMXsN9o=">AAAB5nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOyov3BdiiZ9E4bmmTGJCOUoW/hxoUiPpI738Z02oW2Hgh8nJOQe0+UCm6s7397pY3Nre2d8m5lr7p/cFg7qrZNkmmGLZaIRHcjalBwhS3LrcBuqpHKSGAnmtzM884zasMT9WCnKYaSjhSPOaPWWY/3g7yvJcGn2aBW9xt+IbIOwRLqsFRzUPvqDxOWSVSWCWpML/BTG+ZUW84Ezir9zGBK2YSOsOdQUYkmzIuJZ+TMOUMSJ9odZUnh/n6RU2nMVEbupqR2bFazuflf1stsfBXmXKWZRcUWH8WZIDYh8/XJkGtkVkwdUKa5m5WwMdWUWVdSxZUQrK68Du2LRuA3gjsfynACp3AOAVzCNdxCE1rAQMELvMG7Z7xX72NRV8lb9nYMf+R9/gApxI9d</latexit><latexit sha1_base64="6ZyRLn6GNUTdQoe9QoE6VMXsN9o=">AAAB5nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOOyov3BdiiZ9E4bmmTGJCOUoW/hxoUiPpI738Z02oW2Hgh8nJOQe0+UCm6s7397pY3Nre2d8m5lr7p/cFg7qrZNkmmGLZaIRHcjalBwhS3LrcBuqpHKSGAnmtzM884zasMT9WCnKYaSjhSPOaPWWY/3g7yvJcGn2aBW9xt+IbIOwRLqsFRzUPvqDxOWSVSWCWpML/BTG+ZUW84Ezir9zGBK2YSOsOdQUYkmzIuJZ+TMOUMSJ9odZUnh/n6RU2nMVEbupqR2bFazuflf1stsfBXmXKWZRcUWH8WZIDYh8/XJkGtkVkwdUKa5m5WwMdWUWVdSxZUQrK68Du2LRuA3gjsfynACp3AOAVzCNdxCE1rAQMELvMG7Z7xX72NRV8lb9nYMf+R9/gApxI9d</latexit><latexit sha1_base64="cPoIoMJiIicxiAKQbxODLBWOVW0=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2WhJtLDEKGOFC9pYBNuzunbt7JuTCv7Cx0Bhb/42d/8YFrlDwJZO8vDeTmXlRIrixvv/tFVZW19Y3ipulre2d3b3y/kHTxKlm2GCxiPV9RA0KrrBhuRV4n2ikMhLYikZXU7/1hNrwWN3ZcYKhpAPF+5xR66SH227W0ZLg46RbrvhVfwayTIKcVCBHvVv+6vRilkpUlglqTDvwExtmVFvOBE5KndRgQtmIDrDtqKISTZjNLp6QE6f0SD/WrpQlM/X3REalMWMZuU5J7dAselPxP6+d2v5FmHGVpBYVmy/qp4LYmEzfJz2ukVkxdoQyzd2thA2ppsy6kEouhGDx5WXSPKsGfjW48Su1yzyOIhzBMZxCAOdQg2uoQwMYKHiGV3jzjPfivXsf89aCl88cwh94nz9kq5C1</latexit><latexit sha1_base64="vWyOhH3a8cxb5IAhgbEoxeD5K50=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbT6g0j+W9GSfoR3QgecgZNVZ6uOtlXRURfJz0yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VPbfq3Z5Xald5HEU4gmM4BQ8uoAY3UIcGMJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AGXrkLk=</latexit><latexit sha1_base64="vWyOhH3a8cxb5IAhgbEoxeD5K50=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbT6g0j+W9GSfoR3QgecgZNVZ6uOtlXRURfJz0yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VPbfq3Z5Xald5HEU4gmM4BQ8uoAY3UIcGMJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AGXrkLk=</latexit><latexit sha1_base64="vWyOhH3a8cxb5IAhgbEoxeD5K50=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbT6g0j+W9GSfoR3QgecgZNVZ6uOtlXRURfJz0yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VPbfq3Z5Xald5HEU4gmM4BQ8uoAY3UIcGMJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AGXrkLk=</latexit><latexit sha1_base64="vWyOhH3a8cxb5IAhgbEoxeD5K50=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbT6g0j+W9GSfoR3QgecgZNVZ6uOtlXRURfJz0yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VPbfq3Z5Xald5HEU4gmM4BQ8uoAY3UIcGMJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AGXrkLk=</latexit><latexit sha1_base64="vWyOhH3a8cxb5IAhgbEoxeD5K50=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbT6g0j+W9GSfoR3QgecgZNVZ6uOtlXRURfJz0yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VPbfq3Z5Xald5HEU4gmM4BQ8uoAY3UIcGMJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AGXrkLk=</latexit><latexit sha1_base64="vWyOhH3a8cxb5IAhgbEoxeD5K50=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPbUDbbSbt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbT6g0j+W9GSfoR3QgecgZNVZ6uOtlXRURfJz0yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VPbfq3Z5Xald5HEU4gmM4BQ8uoAY3UIcGMJDwDK/w5mjnxXl3PuatBSefOYQ/cD5/AGXrkLk=</latexit>

Courtesy of Fergusson & Shellard
Babich et al.

The “Equilateral Shape”

Planck 2018



fortho
NL = �38± 24

<latexit sha1_base64="ryzpPXhUFrXJIdlnV42JVGGvLCU=">AAACFHicbVBNSwMxEM36WevXqkcvwSIIYtlVwV6EghcFkQpWC91asmnWhiabJZkVy7I/wot/xYsHRbx68Oa/Ma09qPXBwOO9GWbmhYngBjzv05mYnJqemS3MFecXFpeW3ZXVS6NSTVmdKqF0IySGCR6zOnAQrJFoRmQo2FXYOxr4V7dMG67iC+gnrCXJTcwjTglYqe1uR+0skAS6WmZnp3l+nQXA7gBnSkNX4Tw/3Nmr4CCReHe/7Za8sjcEHif+iJTQCLW2+xF0FE0li4EKYkzT9xJoZUQDp4LlxSA1LCG0R25Y09KYSGZa2fCpHG9apYMjpW3FgIfqz4mMSGP6MrSdg/vNX28g/uc1U4gqrYzHSQospt+LolRgUHiQEO5wzSiIviWEam5vxbRLNKFgcyzaEPy/L4+Ty92y75X98/1S9WQURwGtow20hXx0gKroGNVQHVF0jx7RM3pxHpwn59V5+26dcEYza+gXnPcvD1KeIw==</latexit><latexit sha1_base64="ryzpPXhUFrXJIdlnV42JVGGvLCU=">AAACFHicbVBNSwMxEM36WevXqkcvwSIIYtlVwV6EghcFkQpWC91asmnWhiabJZkVy7I/wot/xYsHRbx68Oa/Ma09qPXBwOO9GWbmhYngBjzv05mYnJqemS3MFecXFpeW3ZXVS6NSTVmdKqF0IySGCR6zOnAQrJFoRmQo2FXYOxr4V7dMG67iC+gnrCXJTcwjTglYqe1uR+0skAS6WmZnp3l+nQXA7gBnSkNX4Tw/3Nmr4CCReHe/7Za8sjcEHif+iJTQCLW2+xF0FE0li4EKYkzT9xJoZUQDp4LlxSA1LCG0R25Y09KYSGZa2fCpHG9apYMjpW3FgIfqz4mMSGP6MrSdg/vNX28g/uc1U4gqrYzHSQospt+LolRgUHiQEO5wzSiIviWEam5vxbRLNKFgcyzaEPy/L4+Ty92y75X98/1S9WQURwGtow20hXx0gKroGNVQHVF0jx7RM3pxHpwn59V5+26dcEYza+gXnPcvD1KeIw==</latexit><latexit sha1_base64="ryzpPXhUFrXJIdlnV42JVGGvLCU=">AAACFHicbVBNSwMxEM36WevXqkcvwSIIYtlVwV6EghcFkQpWC91asmnWhiabJZkVy7I/wot/xYsHRbx68Oa/Ma09qPXBwOO9GWbmhYngBjzv05mYnJqemS3MFecXFpeW3ZXVS6NSTVmdKqF0IySGCR6zOnAQrJFoRmQo2FXYOxr4V7dMG67iC+gnrCXJTcwjTglYqe1uR+0skAS6WmZnp3l+nQXA7gBnSkNX4Tw/3Nmr4CCReHe/7Za8sjcEHif+iJTQCLW2+xF0FE0li4EKYkzT9xJoZUQDp4LlxSA1LCG0R25Y09KYSGZa2fCpHG9apYMjpW3FgIfqz4mMSGP6MrSdg/vNX28g/uc1U4gqrYzHSQospt+LolRgUHiQEO5wzSiIviWEam5vxbRLNKFgcyzaEPy/L4+Ty92y75X98/1S9WQURwGtow20hXx0gKroGNVQHVF0jx7RM3pxHpwn59V5+26dcEYza+gXnPcvD1KeIw==</latexit><latexit sha1_base64="ryzpPXhUFrXJIdlnV42JVGGvLCU=">AAACFHicbVBNSwMxEM36WevXqkcvwSIIYtlVwV6EghcFkQpWC91asmnWhiabJZkVy7I/wot/xYsHRbx68Oa/Ma09qPXBwOO9GWbmhYngBjzv05mYnJqemS3MFecXFpeW3ZXVS6NSTVmdKqF0IySGCR6zOnAQrJFoRmQo2FXYOxr4V7dMG67iC+gnrCXJTcwjTglYqe1uR+0skAS6WmZnp3l+nQXA7gBnSkNX4Tw/3Nmr4CCReHe/7Za8sjcEHif+iJTQCLW2+xF0FE0li4EKYkzT9xJoZUQDp4LlxSA1LCG0R25Y09KYSGZa2fCpHG9apYMjpW3FgIfqz4mMSGP6MrSdg/vNX28g/uc1U4gqrYzHSQospt+LolRgUHiQEO5wzSiIviWEam5vxbRLNKFgcyzaEPy/L4+Ty92y75X98/1S9WQURwGtow20hXx0gKroGNVQHVF0jx7RM3pxHpwn59V5+26dcEYza+gXnPcvD1KeIw==</latexit>
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Current Limits

Sortho
<latexit sha1_base64="kTFim3AgoyveE3rbBsCQYT51dRQ=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMh81hnZgNhyXd48aCIVz/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtMdWGKfloJwkNBR5IFjOCrZPCh17W1QIpbYdq2itX/Ko/B1olQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkvd1NAEkxEe0I6jEgtqwmx+9BSdOaWPYqVdSYvm6u+JDAtjJiJynQLboVn2ZuJ/Xie18XWYMZmklkqyWBSnHFmFZgmgPtOUWD5xBBPN3K2IDLHGxLqcSi6EYPnlVdK8qAZ+Nbi/rNRu8jiKcAKncA4BXEEN7qAODSDwBM/wCm/e2Hvx3r2PRWvBy2eO4Q+8zx/oNJIt</latexit><latexit sha1_base64="kTFim3AgoyveE3rbBsCQYT51dRQ=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMh81hnZgNhyXd48aCIVz/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtMdWGKfloJwkNBR5IFjOCrZPCh17W1QIpbYdq2itX/Ko/B1olQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkvd1NAEkxEe0I6jEgtqwmx+9BSdOaWPYqVdSYvm6u+JDAtjJiJynQLboVn2ZuJ/Xie18XWYMZmklkqyWBSnHFmFZgmgPtOUWD5xBBPN3K2IDLHGxLqcSi6EYPnlVdK8qAZ+Nbi/rNRu8jiKcAKncA4BXEEN7qAODSDwBM/wCm/e2Hvx3r2PRWvBy2eO4Q+8zx/oNJIt</latexit><latexit sha1_base64="kTFim3AgoyveE3rbBsCQYT51dRQ=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMh81hnZgNhyXd48aCIVz/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtMdWGKfloJwkNBR5IFjOCrZPCh17W1QIpbYdq2itX/Ko/B1olQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkvd1NAEkxEe0I6jEgtqwmx+9BSdOaWPYqVdSYvm6u+JDAtjJiJynQLboVn2ZuJ/Xie18XWYMZmklkqyWBSnHFmFZgmgPtOUWD5xBBPN3K2IDLHGxLqcSi6EYPnlVdK8qAZ+Nbi/rNRu8jiKcAKncA4BXEEN7qAODSDwBM/wCm/e2Hvx3r2PRWvBy2eO4Q+8zx/oNJIt</latexit><latexit sha1_base64="kTFim3AgoyveE3rbBsCQYT51dRQ=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMh81hnZgNhyXd48aCIVz/Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfmtMdWGKfloJwkNBR5IFjOCrZPCh17W1QIpbYdq2itX/Ko/B1olQU4qkKPeK391+4qkgkpLODamE/iJDTOsLSOcTkvd1NAEkxEe0I6jEgtqwmx+9BSdOaWPYqVdSYvm6u+JDAtjJiJynQLboVn2ZuJ/Xie18XWYMZmklkqyWBSnHFmFZgmgPtOUWD5xBBPN3K2IDLHGxLqcSi6EYPnlVdK8qAZ+Nbi/rNRu8jiKcAKncA4BXEEN7qAODSDwBM/wCm/e2Hvx3r2PRWvBy2eO4Q+8zx/oNJIt</latexit>

Courtesy of Fergusson & ShellardSmith et al.

The “Orthogonal Shape”

Planck 2018
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Quantum NG  =  Equilateral NG 

Classical NG  = Pole in folded limit  

Observational Implications

h⇣k1⇣k2⇣k3i
0
q = i

Z
d⌧

0 h[Hint (⌧
0) , ⇣k1⇣k2⇣k3(0)]i

<latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit><latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit><latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit><latexit sha1_base64="62ZLpidy/wqOxVh5i6ASCR/ZND8="></latexit>

=
4�H�1�6

⇣

(k1 + k2 + k3)
3
k1k2k3

<latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit><latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit><latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit><latexit sha1_base64="h1IZ6apIin0RLSTNAySUD01TtTY="></latexit>

h⇣~k1
⇣~k1

⇣~k1
i0c �

�H
�1�6

⇣

(k1 � k2 + k3)3k1k2k3
<latexit sha1_base64="AuNK28zhIa7NnrIYfH+y29Vfk90="></latexit><latexit sha1_base64="AuNK28zhIa7NnrIYfH+y29Vfk90="></latexit><latexit sha1_base64="AuNK28zhIa7NnrIYfH+y29Vfk90="></latexit><latexit sha1_base64="AuNK28zhIa7NnrIYfH+y29Vfk90="></latexit>
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As written, classical shape has  

Pole resolved into a bump (finite S/N) by loops 

If perturbative, S/N is still enhanced

Observational Implications

1

(k1 � k2 + k3)3
! 1

(k1 � k2 + k3 + k�)3
<latexit sha1_base64="X6lcLDizVJsUD1iDpN9F9E3pyaE=">AAACLHicbVDLSsNAFJ3UV62vqks3g0WoiCVpBV0Wu9BlBfuAJobJdNIOmUnCzEQooR/kxl8RxIVF3PodTtsstO2FOxzOOZc793gxo1KZ5sTIra1vbG7ltws7u3v7B8XDo7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vKAx1TvPREgahY9qFBOHo0FIfYqR0pRbbNi+QDi1xmk5cK3LwK1eBG7t/Kk2htBWkX5W6brtO8Q5mhndYsmsmLOCy8DKQAlk1XSL73Y/wgknocIMSdmzzFg5KRKKYkbGBTuRJEY4QAPS0zBEnEgnnR07hmea6UM/ErpDBWfs34kUcSlH3NNOjtRQLmpTcpXWS5R/46Q0jBNFQjxf5CcM6hSmycE+FQQrNtIAYUH1XyEeIp2O0vkWdAjW4snLoF2tWGbFergq1W+zOPLgBJyCMrDANaiDe9AELYDBC3gDn2BivBofxpfxPbfmjGzmGPwr4+cX4fyk6g==</latexit><latexit sha1_base64="X6lcLDizVJsUD1iDpN9F9E3pyaE=">AAACLHicbVDLSsNAFJ3UV62vqks3g0WoiCVpBV0Wu9BlBfuAJobJdNIOmUnCzEQooR/kxl8RxIVF3PodTtsstO2FOxzOOZc793gxo1KZ5sTIra1vbG7ltws7u3v7B8XDo7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vKAx1TvPREgahY9qFBOHo0FIfYqR0pRbbNi+QDi1xmk5cK3LwK1eBG7t/Kk2htBWkX5W6brtO8Q5mhndYsmsmLOCy8DKQAlk1XSL73Y/wgknocIMSdmzzFg5KRKKYkbGBTuRJEY4QAPS0zBEnEgnnR07hmea6UM/ErpDBWfs34kUcSlH3NNOjtRQLmpTcpXWS5R/46Q0jBNFQjxf5CcM6hSmycE+FQQrNtIAYUH1XyEeIp2O0vkWdAjW4snLoF2tWGbFergq1W+zOPLgBJyCMrDANaiDe9AELYDBC3gDn2BivBofxpfxPbfmjGzmGPwr4+cX4fyk6g==</latexit><latexit sha1_base64="X6lcLDizVJsUD1iDpN9F9E3pyaE=">AAACLHicbVDLSsNAFJ3UV62vqks3g0WoiCVpBV0Wu9BlBfuAJobJdNIOmUnCzEQooR/kxl8RxIVF3PodTtsstO2FOxzOOZc793gxo1KZ5sTIra1vbG7ltws7u3v7B8XDo7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vKAx1TvPREgahY9qFBOHo0FIfYqR0pRbbNi+QDi1xmk5cK3LwK1eBG7t/Kk2htBWkX5W6brtO8Q5mhndYsmsmLOCy8DKQAlk1XSL73Y/wgknocIMSdmzzFg5KRKKYkbGBTuRJEY4QAPS0zBEnEgnnR07hmea6UM/ErpDBWfs34kUcSlH3NNOjtRQLmpTcpXWS5R/46Q0jBNFQjxf5CcM6hSmycE+FQQrNtIAYUH1XyEeIp2O0vkWdAjW4snLoF2tWGbFergq1W+zOPLgBJyCMrDANaiDe9AELYDBC3gDn2BivBofxpfxPbfmjGzmGPwr4+cX4fyk6g==</latexit><latexit sha1_base64="X6lcLDizVJsUD1iDpN9F9E3pyaE=">AAACLHicbVDLSsNAFJ3UV62vqks3g0WoiCVpBV0Wu9BlBfuAJobJdNIOmUnCzEQooR/kxl8RxIVF3PodTtsstO2FOxzOOZc793gxo1KZ5sTIra1vbG7ltws7u3v7B8XDo7aMEoFJC0csEl0PScJoSFqKKka6sSCIe4x0vKAx1TvPREgahY9qFBOHo0FIfYqR0pRbbNi+QDi1xmk5cK3LwK1eBG7t/Kk2htBWkX5W6brtO8Q5mhndYsmsmLOCy8DKQAlk1XSL73Y/wgknocIMSdmzzFg5KRKKYkbGBTuRJEY4QAPS0zBEnEgnnR07hmea6UM/ErpDBWfs34kUcSlH3NNOjtRQLmpTcpXWS5R/46Q0jBNFQjxf5CcM6hSmycE+FQQrNtIAYUH1XyEeIp2O0vkWdAjW4snLoF2tWGbFergq1W+zOPLgBJyCMrDANaiDe9AELYDBC3gDn2BivBofxpfxPbfmjGzmGPwr4+cX4fyk6g==</latexit>

S/N ! 1
<latexit sha1_base64="2yxL6jSPuAyhEYeWJepD0LOmgUM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF08S0Twgu4bZyWwyZHZ2melVQsh/ePGgiFf/xZt/4+Rx0MSChqKqm+6uMJXCoOt+O7ml5ZXVtfx6YWNza3unuLtXN0mmGa+xRCa6GVLDpVC8hgIlb6aa0ziUvBH2r8Z+45FrIxJ1j4OUBzHtKhEJRtFKD3cnN8THhPhCRThoF0tu2Z2ALBJvRkowQ7Vd/PI7CctirpBJakzLc1MMhlSjYJKPCn5meEpZn3Z5y1JFY26C4eTqETmySodEibalkEzU3xNDGhsziEPbGVPsmXlvLP7ntTKMLoKhUGmGXLHpoiiTxP45joB0hOYM5cASyrSwtxLWo5oytEEVbAje/MuLpH5a9tyyd3tWqlzO4sjDARzCMXhwDhW4hirUgIGGZ3iFN+fJeXHenY9pa86ZzezDHzifP3+Ikds=</latexit><latexit sha1_base64="2yxL6jSPuAyhEYeWJepD0LOmgUM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF08S0Twgu4bZyWwyZHZ2melVQsh/ePGgiFf/xZt/4+Rx0MSChqKqm+6uMJXCoOt+O7ml5ZXVtfx6YWNza3unuLtXN0mmGa+xRCa6GVLDpVC8hgIlb6aa0ziUvBH2r8Z+45FrIxJ1j4OUBzHtKhEJRtFKD3cnN8THhPhCRThoF0tu2Z2ALBJvRkowQ7Vd/PI7CctirpBJakzLc1MMhlSjYJKPCn5meEpZn3Z5y1JFY26C4eTqETmySodEibalkEzU3xNDGhsziEPbGVPsmXlvLP7ntTKMLoKhUGmGXLHpoiiTxP45joB0hOYM5cASyrSwtxLWo5oytEEVbAje/MuLpH5a9tyyd3tWqlzO4sjDARzCMXhwDhW4hirUgIGGZ3iFN+fJeXHenY9pa86ZzezDHzifP3+Ikds=</latexit><latexit sha1_base64="2yxL6jSPuAyhEYeWJepD0LOmgUM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF08S0Twgu4bZyWwyZHZ2melVQsh/ePGgiFf/xZt/4+Rx0MSChqKqm+6uMJXCoOt+O7ml5ZXVtfx6YWNza3unuLtXN0mmGa+xRCa6GVLDpVC8hgIlb6aa0ziUvBH2r8Z+45FrIxJ1j4OUBzHtKhEJRtFKD3cnN8THhPhCRThoF0tu2Z2ALBJvRkowQ7Vd/PI7CctirpBJakzLc1MMhlSjYJKPCn5meEpZn3Z5y1JFY26C4eTqETmySodEibalkEzU3xNDGhsziEPbGVPsmXlvLP7ntTKMLoKhUGmGXLHpoiiTxP45joB0hOYM5cASyrSwtxLWo5oytEEVbAje/MuLpH5a9tyyd3tWqlzO4sjDARzCMXhwDhW4hirUgIGGZ3iFN+fJeXHenY9pa86ZzezDHzifP3+Ikds=</latexit><latexit sha1_base64="2yxL6jSPuAyhEYeWJepD0LOmgUM=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMegF08S0Twgu4bZyWwyZHZ2melVQsh/ePGgiFf/xZt/4+Rx0MSChqKqm+6uMJXCoOt+O7ml5ZXVtfx6YWNza3unuLtXN0mmGa+xRCa6GVLDpVC8hgIlb6aa0ziUvBH2r8Z+45FrIxJ1j4OUBzHtKhEJRtFKD3cnN8THhPhCRThoF0tu2Z2ALBJvRkowQ7Vd/PI7CctirpBJakzLc1MMhlSjYJKPCn5meEpZn3Z5y1JFY26C4eTqETmySodEibalkEzU3xNDGhsziEPbGVPsmXlvLP7ntTKMLoKhUGmGXLHpoiiTxP45joB0hOYM5cASyrSwtxLWo5oytEEVbAje/MuLpH5a9tyyd3tWqlzO4sjDARzCMXhwDhW4hirUgIGGZ3iFN+fJeXHenY9pa86ZzezDHzifP3+Ikds=</latexit>

(S/N)class ⇡
1

�
(S/N)quantum � (S/N)quantum

<latexit sha1_base64="Aroy5itiJhZJP8zHyhQkkDz+zwA="></latexit><latexit sha1_base64="Aroy5itiJhZJP8zHyhQkkDz+zwA="></latexit><latexit sha1_base64="Aroy5itiJhZJP8zHyhQkkDz+zwA="></latexit><latexit sha1_base64="Aroy5itiJhZJP8zHyhQkkDz+zwA="></latexit>
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Suppressed S/N with non-perturbative dissipation  

Increasing decay rate is tied to amplitude of NG 

Hard to hide the classical signal given current limits

Observational Implications

k� / log�
<latexit sha1_base64="0AoeOlR60LsVqgHl4ZfpjXcTX7k=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsyIoMuCoC4r2FroDEMmTdvQvEgyQhm6c+OvuHGhiFt/wZ1/Y9rOQlsPBA7n3MvNOali1Ngg+PZKS8srq2vl9crG5tb2jr+71zIy05g0sWRSt1NkCKOCNC21jLSVJoinjNynw8uJf/9AtKFS3NmRIjFHfUF7FCPrpMQ/HCZ5dI04R2MYKS2VlTBisg9nYuJXg1owBVwkYUGqoEAj8b+irsQZJ8JihozphIGycY60pZiRcSXKDFEID1GfdBwViBMT59McY3jslC7sSe2esHCq/t7IETdmxFM3yZEdmHlvIv7ndTLbu4hzKlRmicCzQ72MQRd2UgrsUk2wZSNHENbU/RXiAdIIW1ddxZUQzkdeJK3TWhjUwtuzav2qqKMMDsAROAEhOAd1cAMaoAkweATP4BW8eU/ei/fufcxGS16xsw/+wPv8AY1SmRk=</latexit><latexit sha1_base64="0AoeOlR60LsVqgHl4ZfpjXcTX7k=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsyIoMuCoC4r2FroDEMmTdvQvEgyQhm6c+OvuHGhiFt/wZ1/Y9rOQlsPBA7n3MvNOali1Ngg+PZKS8srq2vl9crG5tb2jr+71zIy05g0sWRSt1NkCKOCNC21jLSVJoinjNynw8uJf/9AtKFS3NmRIjFHfUF7FCPrpMQ/HCZ5dI04R2MYKS2VlTBisg9nYuJXg1owBVwkYUGqoEAj8b+irsQZJ8JihozphIGycY60pZiRcSXKDFEID1GfdBwViBMT59McY3jslC7sSe2esHCq/t7IETdmxFM3yZEdmHlvIv7ndTLbu4hzKlRmicCzQ72MQRd2UgrsUk2wZSNHENbU/RXiAdIIW1ddxZUQzkdeJK3TWhjUwtuzav2qqKMMDsAROAEhOAd1cAMaoAkweATP4BW8eU/ei/fufcxGS16xsw/+wPv8AY1SmRk=</latexit><latexit sha1_base64="0AoeOlR60LsVqgHl4ZfpjXcTX7k=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsyIoMuCoC4r2FroDEMmTdvQvEgyQhm6c+OvuHGhiFt/wZ1/Y9rOQlsPBA7n3MvNOali1Ngg+PZKS8srq2vl9crG5tb2jr+71zIy05g0sWRSt1NkCKOCNC21jLSVJoinjNynw8uJf/9AtKFS3NmRIjFHfUF7FCPrpMQ/HCZ5dI04R2MYKS2VlTBisg9nYuJXg1owBVwkYUGqoEAj8b+irsQZJ8JihozphIGycY60pZiRcSXKDFEID1GfdBwViBMT59McY3jslC7sSe2esHCq/t7IETdmxFM3yZEdmHlvIv7ndTLbu4hzKlRmicCzQ72MQRd2UgrsUk2wZSNHENbU/RXiAdIIW1ddxZUQzkdeJK3TWhjUwtuzav2qqKMMDsAROAEhOAd1cAMaoAkweATP4BW8eU/ei/fufcxGS16xsw/+wPv8AY1SmRk=</latexit><latexit sha1_base64="0AoeOlR60LsVqgHl4ZfpjXcTX7k=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgqsyIoMuCoC4r2FroDEMmTdvQvEgyQhm6c+OvuHGhiFt/wZ1/Y9rOQlsPBA7n3MvNOali1Ngg+PZKS8srq2vl9crG5tb2jr+71zIy05g0sWRSt1NkCKOCNC21jLSVJoinjNynw8uJf/9AtKFS3NmRIjFHfUF7FCPrpMQ/HCZ5dI04R2MYKS2VlTBisg9nYuJXg1owBVwkYUGqoEAj8b+irsQZJ8JihozphIGycY60pZiRcSXKDFEID1GfdBwViBMT59McY3jslC7sSe2esHCq/t7IETdmxFM3yZEdmHlvIv7ndTLbu4hzKlRmicCzQ72MQRd2UgrsUk2wZSNHENbU/RXiAdIIW1ddxZUQzkdeJK3TWhjUwtuzav2qqKMMDsAROAEhOAd1cAMaoAkweATP4BW8eU/ei/fufcxGS16xsw/+wPv8AY1SmRk=</latexit>

fNL / �
<latexit sha1_base64="VNiRO8B45nNN/qecq5W3O/sZDvs=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsyIoMuCoC5EKtgHdIYhk2ba0CQTkoxQhuLGX3HjQhG3foU7/8a0nYW2HggczrmXm3Niyag2nvftLCwuLa+sltbK6xubW9vuzm5Tp5nCpIFTlqp2jDRhVJCGoYaRtlQE8ZiRVjy4GPutB6I0TcW9GUoSctQTNKEYGStF7n4S5YHi8PZmBAOpUmlSGFwhzlHkVryqNwGcJ35BKqBAPXK/gm6KM06EwQxp3fE9acIcKUMxI6NykGkiER6gHulYKhAnOswnEUbwyCpdmKTKPmHgRP29kSOu9ZDHdpIj09ez3lj8z+tkJjkPcypkZojA00NJxqDNOe4Ddqki2LChJQgrav8KcR8phI1trWxL8Gcjz5PmSdX3qv7daaV2WdRRAgfgEBwDH5yBGrgGddAAGDyCZ/AK3pwn58V5dz6mowtOsbMH/sD5/AF/nJba</latexit><latexit sha1_base64="VNiRO8B45nNN/qecq5W3O/sZDvs=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsyIoMuCoC5EKtgHdIYhk2ba0CQTkoxQhuLGX3HjQhG3foU7/8a0nYW2HggczrmXm3Niyag2nvftLCwuLa+sltbK6xubW9vuzm5Tp5nCpIFTlqp2jDRhVJCGoYaRtlQE8ZiRVjy4GPutB6I0TcW9GUoSctQTNKEYGStF7n4S5YHi8PZmBAOpUmlSGFwhzlHkVryqNwGcJ35BKqBAPXK/gm6KM06EwQxp3fE9acIcKUMxI6NykGkiER6gHulYKhAnOswnEUbwyCpdmKTKPmHgRP29kSOu9ZDHdpIj09ez3lj8z+tkJjkPcypkZojA00NJxqDNOe4Ddqki2LChJQgrav8KcR8phI1trWxL8Gcjz5PmSdX3qv7daaV2WdRRAgfgEBwDH5yBGrgGddAAGDyCZ/AK3pwn58V5dz6mowtOsbMH/sD5/AF/nJba</latexit><latexit sha1_base64="VNiRO8B45nNN/qecq5W3O/sZDvs=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsyIoMuCoC5EKtgHdIYhk2ba0CQTkoxQhuLGX3HjQhG3foU7/8a0nYW2HggczrmXm3Niyag2nvftLCwuLa+sltbK6xubW9vuzm5Tp5nCpIFTlqp2jDRhVJCGoYaRtlQE8ZiRVjy4GPutB6I0TcW9GUoSctQTNKEYGStF7n4S5YHi8PZmBAOpUmlSGFwhzlHkVryqNwGcJ35BKqBAPXK/gm6KM06EwQxp3fE9acIcKUMxI6NykGkiER6gHulYKhAnOswnEUbwyCpdmKTKPmHgRP29kSOu9ZDHdpIj09ez3lj8z+tkJjkPcypkZojA00NJxqDNOe4Ddqki2LChJQgrav8KcR8phI1trWxL8Gcjz5PmSdX3qv7daaV2WdRRAgfgEBwDH5yBGrgGddAAGDyCZ/AK3pwn58V5dz6mowtOsbMH/sD5/AF/nJba</latexit><latexit sha1_base64="VNiRO8B45nNN/qecq5W3O/sZDvs=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsyIoMuCoC5EKtgHdIYhk2ba0CQTkoxQhuLGX3HjQhG3foU7/8a0nYW2HggczrmXm3Niyag2nvftLCwuLa+sltbK6xubW9vuzm5Tp5nCpIFTlqp2jDRhVJCGoYaRtlQE8ZiRVjy4GPutB6I0TcW9GUoSctQTNKEYGStF7n4S5YHi8PZmBAOpUmlSGFwhzlHkVryqNwGcJ35BKqBAPXK/gm6KM06EwQxp3fE9acIcKUMxI6NykGkiER6gHulYKhAnOswnEUbwyCpdmKTKPmHgRP29kSOu9ZDHdpIj09ez3lj8z+tkJjkPcypkZojA00NJxqDNOe4Ddqki2LChJQgrav8KcR8phI1trWxL8Gcjz5PmSdX3qv7daaV2WdRRAgfgEBwDH5yBGrgGddAAGDyCZ/AK3pwn58V5dz6mowtOsbMH/sD5/AF/nJba</latexit>

⇣
<latexit sha1_base64="4YYp7fREVI5s5L/ZCTyV4+eRONU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8VTFtoQ9lsN+3SzSbsToQa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuTaiEQ94CTlQUyHSkSCUbSS33viSPvVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQd5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd1z6979Za1xW8RRhhM4hXPw4AoacAdN8IGBgGd4hTdHOS/Ou/OxaC05xcwx/IHz+QPpso7A</latexit><latexit sha1_base64="4YYp7fREVI5s5L/ZCTyV4+eRONU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8VTFtoQ9lsN+3SzSbsToQa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuTaiEQ94CTlQUyHSkSCUbSS33viSPvVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQd5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd1z6979Za1xW8RRhhM4hXPw4AoacAdN8IGBgGd4hTdHOS/Ou/OxaC05xcwx/IHz+QPpso7A</latexit><latexit sha1_base64="4YYp7fREVI5s5L/ZCTyV4+eRONU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8VTFtoQ9lsN+3SzSbsToQa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuTaiEQ94CTlQUyHSkSCUbSS33viSPvVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQd5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd1z6979Za1xW8RRhhM4hXPw4AoacAdN8IGBgGd4hTdHOS/Ou/OxaC05xcwx/IHz+QPpso7A</latexit><latexit sha1_base64="4YYp7fREVI5s5L/ZCTyV4+eRONU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8VTFtoQ9lsN+3SzSbsToQa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUMkmmGfdZIhPdCanhUijuo0DJO6nmNA4lb4fjm5nffuTaiEQ94CTlQUyHSkSCUbSS33viSPvVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQd5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd1z6979Za1xW8RRhhM4hXPw4AoacAdN8IGBgGd4hTdHOS/Ou/OxaC05xcwx/IHz+QPpso7A</latexit>

�i
<latexit sha1_base64="/EZHv7yG3/mEjLBZkr/Etg60Cxg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF2MpuMmZ1ZZnqFsAT8BC8eFPHq/3jzb5w8DppY0FBUddPdFaVSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rYhaLoXidRQoeSs1nCaR5M1oeD3xm4/cWKHVPY5SHia0r0QsGEUnNTpsILqiWyr7FX8KskyCOSnDHLVu6avT0yxLuEImqbXtwE8xzKlBwSQfFzuZ5SllQ9rnbUcVTbgN8+m1Y3LqlB6JtXGlkEzV3xM5TawdJZHrTCgO7KI3Ef/z2hnGV2EuVJohV2y2KM4kQU0mr5OeMJyhHDlCmRHuVsIG1FCGLqCiCyFYfHmZNM4rgV8J7i7K1dunWRwFOIYTOIMALqEKN1CDOjB4gGd4hTdPey/eu/cxa13x5hEewR94nz+k84+X</latexit><latexit sha1_base64="/EZHv7yG3/mEjLBZkr/Etg60Cxg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF2MpuMmZ1ZZnqFsAT8BC8eFPHq/3jzb5w8DppY0FBUddPdFaVSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rYhaLoXidRQoeSs1nCaR5M1oeD3xm4/cWKHVPY5SHia0r0QsGEUnNTpsILqiWyr7FX8KskyCOSnDHLVu6avT0yxLuEImqbXtwE8xzKlBwSQfFzuZ5SllQ9rnbUcVTbgN8+m1Y3LqlB6JtXGlkEzV3xM5TawdJZHrTCgO7KI3Ef/z2hnGV2EuVJohV2y2KM4kQU0mr5OeMJyhHDlCmRHuVsIG1FCGLqCiCyFYfHmZNM4rgV8J7i7K1dunWRwFOIYTOIMALqEKN1CDOjB4gGd4hTdPey/eu/cxa13x5hEewR94nz+k84+X</latexit><latexit sha1_base64="/EZHv7yG3/mEjLBZkr/Etg60Cxg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF2MpuMmZ1ZZnqFsAT8BC8eFPHq/3jzb5w8DppY0FBUddPdFaVSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rYhaLoXidRQoeSs1nCaR5M1oeD3xm4/cWKHVPY5SHia0r0QsGEUnNTpsILqiWyr7FX8KskyCOSnDHLVu6avT0yxLuEImqbXtwE8xzKlBwSQfFzuZ5SllQ9rnbUcVTbgN8+m1Y3LqlB6JtXGlkEzV3xM5TawdJZHrTCgO7KI3Ef/z2hnGV2EuVJohV2y2KM4kQU0mr5OeMJyhHDlCmRHuVsIG1FCGLqCiCyFYfHmZNM4rgV8J7i7K1dunWRwFOIYTOIMALqEKN1CDOjB4gGd4hTdPey/eu/cxa13x5hEewR94nz+k84+X</latexit><latexit sha1_base64="/EZHv7yG3/mEjLBZkr/Etg60Cxg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF2MpuMmZ1ZZnqFsAT8BC8eFPHq/3jzb5w8DppY0FBUddPdFaVSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rYhaLoXidRQoeSs1nCaR5M1oeD3xm4/cWKHVPY5SHia0r0QsGEUnNTpsILqiWyr7FX8KskyCOSnDHLVu6avT0yxLuEImqbXtwE8xzKlBwSQfFzuZ5SllQ9rnbUcVTbgN8+m1Y3LqlB6JtXGlkEzV3xM5TawdJZHrTCgO7KI3Ef/z2hnGV2EuVJohV2y2KM4kQU0mr5OeMJyhHDlCmRHuVsIG1FCGLqCiCyFYfHmZNM4rgV8J7i7K1dunWRwFOIYTOIMALqEKN1CDOjB4gGd4hTdPey/eu/cxa13x5hEewR94nz+k84+X</latexit>



���59

Conclusions: 

(1)We need to detect equilateral NG 

(2)Check for enhanced folded pole 

i. Most classical models would have large S/N 

ii. Extreme dissipation might (just) be excluded  

(3) Check squeezed/soft limit (local shape) 

i. Test of single / multi-field 

ii. Sensitive to excited states / extra particles

Observational Implications



Now

AdvACT 

SPT3G 

BICEP/Keck 

Polarbear 
Spider 

DES 

eBOSS 

 
CHIME 

HETDEX

LiteBird 

PICO* 

SKA 

PUMA*

2022
time

LSST 

Euclid

DESI

Simons Observatory*

CMB Stage IV*

* DG member

SPHEREx 

WFIRST



���61

Forecasted improvements on current limits: 

Future Limits
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Summary
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Summary

The “total energy pole” is a generic feature of NG 

• The cosmological analogue of energy conservation 

• Quantum vacuum fluctuations only have these 

• Classical fluctuations also have physical poles  

This result is a consequence of locality 

Can only be avoided with non-local hidden variables 
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Thank you


