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Motivation



The story of inflation is often told in one way


Period of exponential expansion

The Nature of Inflation

From WMAP



The story of inflation is often told in one way


Driven by a slowly rolling scalar field

From Baumann & McAllister

The Nature of Inflation



The story of inflation is often told in one way


Quantum fluctuations of this field = initial conditions

From Baumann & McAllister

The Nature of Inflation



This pictures is consistent with observations


Planck 2018

?

The Nature of Inflation



But is it necessary ?


Planck 2018

?

The Nature of Inflation



Inflation: A definition


(1) A period of quasi-de Sitter expansion


(2) Inflation ends: requires a physical clock


In slow roll inflation - we set our clocks to 
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The Nature of Inflation



Raises the question: what is the clock?


Real world clocks are not fundamental scalars


Many seemingly different mechanisms give the same or 
similar predictions


What is inflation and how do we test the framework?


The Nature of Inflation



Might expect dynamics = non-Gaussian


Seen in specific examples


e.g.  self-interactions      or          particle-production


Both lead to large non-Gaussian correlations

The Nature of Inflation



Fixed by two-point statistics


Gaussian Fluctuations

h�T (~x)�T (~x0)i = f(|~x� ~x0|) $ h⇣~k⇣~k0i = f̃(k)(2⇡)3�(~k + ~k0)
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What about non-Gaussian correlators? E.g. 3-point


Non-Gaussian Fluctuations

h⇣~k1
⇣~k2

⇣~k3
i = B(k1, k2, k3)(2⇡)

3�(~k1 + ~k2 + ~k3)
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Primordial Non-Gaussianity



On general grounds, bispectra take the form


Momentum conservation:


Scale invariance:

Primordial Non-Gaussianity
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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>

h⇣~k1
⇣~k2

⇣~k3
i = B(k1, k2, k3)(2⇡)

3�(~k1 + ~k2 + ~k3)
<latexit sha1_base64="XLjDL9Nu/8GQsNrVXU9ceWQJDc4="></latexit><latexit sha1_base64="XLjDL9Nu/8GQsNrVXU9ceWQJDc4="></latexit><latexit sha1_base64="XLjDL9Nu/8GQsNrVXU9ceWQJDc4="></latexit><latexit sha1_base64="XLjDL9Nu/8GQsNrVXU9ceWQJDc4="></latexit>



Defined by amplitude and “shape”


The shapes live in a basis of orthogonal functions


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

Primordial Non-Gaussianity

B(k1, k2, k3) = fNL
18
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�4
⇣

k63x
2
1x
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2

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>



Amplitude defined so that statistics are Gaussian if


E.g. for a derivative interaction


Weak coupling at horizon crossing means

Primordial Non-Gaussianity

�⇣fNL ⇡ h⇣3i0

(h⇣2i0) 3
2

<latexit sha1_base64="ASe1AeaGZBEGBWPdPOwYtuwsctw="></latexit><latexit sha1_base64="ASe1AeaGZBEGBWPdPOwYtuwsctw="></latexit><latexit sha1_base64="ASe1AeaGZBEGBWPdPOwYtuwsctw="></latexit><latexit sha1_base64="ASe1AeaGZBEGBWPdPOwYtuwsctw="></latexit>

fNL ⌧ ��1
⇣ ⇡ 104

<latexit sha1_base64="Z9kX3GSZYuwiVaE/iG6Z2h4/sl0=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBA8aNgVQY8BRTyIKBgVsnHpnfTq4OyDmV4xLvkJL/6KFw+KeBW8+TdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo2XJsqTU9Mzs5W5+ROT5lpgQ6Qq1WchGFQywQZJUniWaYQ4VHgaXm33/NNr1EamyTF1MmzFcJHISAogKwWV1SgofB3zg/0u95Xi/g4qgsC/RYLzYs3r+pBlOr3hnnu+EVSqbs3tg/8l3oBU2QCHQeXdb6cijzEhocCYpudm1CpAkxQKu2U/N5iBuIILbFqaQIymVfS/6vJlq7R5lGpbCfG++n2igNiYThzazhjo0vz2euJ/XjOnaKtVyCTLCRPxtSjKFaeU9yLibalRkOpYAkJLeysXl6BBkA2ybEPwfr/8l5ys1zy35h1tVOu7gzhKbJEtsRXmsU1WZ3vskDWYYHfsgT2xZ+feeXRenNev1iFnMLPAfsB5+wTgI53/</latexit><latexit sha1_base64="Z9kX3GSZYuwiVaE/iG6Z2h4/sl0=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBA8aNgVQY8BRTyIKBgVsnHpnfTq4OyDmV4xLvkJL/6KFw+KeBW8+TdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo2XJsqTU9Mzs5W5+ROT5lpgQ6Qq1WchGFQywQZJUniWaYQ4VHgaXm33/NNr1EamyTF1MmzFcJHISAogKwWV1SgofB3zg/0u95Xi/g4qgsC/RYLzYs3r+pBlOr3hnnu+EVSqbs3tg/8l3oBU2QCHQeXdb6cijzEhocCYpudm1CpAkxQKu2U/N5iBuIILbFqaQIymVfS/6vJlq7R5lGpbCfG++n2igNiYThzazhjo0vz2euJ/XjOnaKtVyCTLCRPxtSjKFaeU9yLibalRkOpYAkJLeysXl6BBkA2ybEPwfr/8l5ys1zy35h1tVOu7gzhKbJEtsRXmsU1WZ3vskDWYYHfsgT2xZ+feeXRenNev1iFnMLPAfsB5+wTgI53/</latexit><latexit sha1_base64="Z9kX3GSZYuwiVaE/iG6Z2h4/sl0=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBA8aNgVQY8BRTyIKBgVsnHpnfTq4OyDmV4xLvkJL/6KFw+KeBW8+TdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo2XJsqTU9Mzs5W5+ROT5lpgQ6Qq1WchGFQywQZJUniWaYQ4VHgaXm33/NNr1EamyTF1MmzFcJHISAogKwWV1SgofB3zg/0u95Xi/g4qgsC/RYLzYs3r+pBlOr3hnnu+EVSqbs3tg/8l3oBU2QCHQeXdb6cijzEhocCYpudm1CpAkxQKu2U/N5iBuIILbFqaQIymVfS/6vJlq7R5lGpbCfG++n2igNiYThzazhjo0vz2euJ/XjOnaKtVyCTLCRPxtSjKFaeU9yLibalRkOpYAkJLeysXl6BBkA2ybEPwfr/8l5ys1zy35h1tVOu7gzhKbJEtsRXmsU1WZ3vskDWYYHfsgT2xZ+feeXRenNev1iFnMLPAfsB5+wTgI53/</latexit><latexit sha1_base64="Z9kX3GSZYuwiVaE/iG6Z2h4/sl0=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBA8aNgVQY8BRTyIKBgVsnHpnfTq4OyDmV4xLvkJL/6KFw+KeBW8+TdOYg6+ChqKqm66u8JMSUOu++EMDY+Mjo2XJsqTU9Mzs5W5+ROT5lpgQ6Qq1WchGFQywQZJUniWaYQ4VHgaXm33/NNr1EamyTF1MmzFcJHISAogKwWV1SgofB3zg/0u95Xi/g4qgsC/RYLzYs3r+pBlOr3hnnu+EVSqbs3tg/8l3oBU2QCHQeXdb6cijzEhocCYpudm1CpAkxQKu2U/N5iBuIILbFqaQIymVfS/6vJlq7R5lGpbCfG++n2igNiYThzazhjo0vz2euJ/XjOnaKtVyCTLCRPxtSjKFaeU9yLibalRkOpYAkJLeysXl6BBkA2ybEPwfr/8l5ys1zy35h1tVOu7gzhKbJEtsRXmsU1WZ3vskDWYYHfsgT2xZ+feeXRenNev1iFnMLPAfsB5+wTgI53/</latexit>

Lint �
1

⇤2
⇡̇crµ⇡rµ⇡

<latexit sha1_base64="fhRBmpZF/oBoYHJfmViHf10Fd8w="></latexit><latexit sha1_base64="fhRBmpZF/oBoYHJfmViHf10Fd8w="></latexit><latexit sha1_base64="fhRBmpZF/oBoYHJfmViHf10Fd8w="></latexit><latexit sha1_base64="fhRBmpZF/oBoYHJfmViHf10Fd8w="></latexit>

H
2

⇤2
⇡ fNL�⇣ ⌧ 1

<latexit sha1_base64="RzXYwmPsOTlufWKapcouXt1VWyc="></latexit><latexit sha1_base64="RzXYwmPsOTlufWKapcouXt1VWyc="></latexit><latexit sha1_base64="RzXYwmPsOTlufWKapcouXt1VWyc="></latexit><latexit sha1_base64="RzXYwmPsOTlufWKapcouXt1VWyc="></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>

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

The “Local Shape”

Planck 2018

Babich et al. (2004)



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>

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

The “Equilateral Shape”

Planck 2018

Babich et al. (2004)



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>

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 & Shellard

The “Orthogonal Shape”

Planck 2018

Smith et al. (2009)



Single Field Inflation



Definition is formalized by the EFT of Inflation


Clock breaks time-translations


The field                are the fluctuations of the clock 


We can write the most general possible action


Nothing about this requires a fundamental scalar


hOi / t
<latexit sha1_base64="flkUaHt4O+7VjoaAmodFo54NBmE=">AAACC3icbVDLSgMxFL3js9bXqEs3oUVwVWZE0GVBEHdWsA/oDCWTZtrQTCYkGaEM3bvxV9y4UMStP+DOvzFtZ6GtBwKHc+7l5pxIcqaN5307K6tr6xubpa3y9s7u3r57cNjSaaYIbZKUp6oTYU05E7RpmOG0IxXFScRpOxpdTf32A1WapeLejCUNEzwQLGYEGyv13ErAsRhwivKAYI5uJyhQcyGQKpUmRabnVr2aNwNaJn5BqlCg0XO/gn5KsoQKQzjWuut70oQ5VoYRTiflINNUYjLCA9q1VOCE6jCfZZmgE6v0UZwq+4RBM/X3Ro4TrcdJZCcTbIZ60ZuK/3ndzMSXYc6EzAwVZH4ozjiaRrTFoD5TlBg+tgQTxexfERlihYmx9ZVtCf5i5GXSOqv5Xs2/O6/Wr4s6SnAMFTgFHy6gDjfQgCYQeIRneIU358l5cd6dj/noilPsHMEfOJ8/Q1Wajg==</latexit><latexit sha1_base64="flkUaHt4O+7VjoaAmodFo54NBmE=">AAACC3icbVDLSgMxFL3js9bXqEs3oUVwVWZE0GVBEHdWsA/oDCWTZtrQTCYkGaEM3bvxV9y4UMStP+DOvzFtZ6GtBwKHc+7l5pxIcqaN5307K6tr6xubpa3y9s7u3r57cNjSaaYIbZKUp6oTYU05E7RpmOG0IxXFScRpOxpdTf32A1WapeLejCUNEzwQLGYEGyv13ErAsRhwivKAYI5uJyhQcyGQKpUmRabnVr2aNwNaJn5BqlCg0XO/gn5KsoQKQzjWuut70oQ5VoYRTiflINNUYjLCA9q1VOCE6jCfZZmgE6v0UZwq+4RBM/X3Ro4TrcdJZCcTbIZ60ZuK/3ndzMSXYc6EzAwVZH4ozjiaRrTFoD5TlBg+tgQTxexfERlihYmx9ZVtCf5i5GXSOqv5Xs2/O6/Wr4s6SnAMFTgFHy6gDjfQgCYQeIRneIU358l5cd6dj/noilPsHMEfOJ8/Q1Wajg==</latexit><latexit sha1_base64="flkUaHt4O+7VjoaAmodFo54NBmE=">AAACC3icbVDLSgMxFL3js9bXqEs3oUVwVWZE0GVBEHdWsA/oDCWTZtrQTCYkGaEM3bvxV9y4UMStP+DOvzFtZ6GtBwKHc+7l5pxIcqaN5307K6tr6xubpa3y9s7u3r57cNjSaaYIbZKUp6oTYU05E7RpmOG0IxXFScRpOxpdTf32A1WapeLejCUNEzwQLGYEGyv13ErAsRhwivKAYI5uJyhQcyGQKpUmRabnVr2aNwNaJn5BqlCg0XO/gn5KsoQKQzjWuut70oQ5VoYRTiflINNUYjLCA9q1VOCE6jCfZZmgE6v0UZwq+4RBM/X3Ro4TrcdJZCcTbIZ60ZuK/3ndzMSXYc6EzAwVZH4ozjiaRrTFoD5TlBg+tgQTxexfERlihYmx9ZVtCf5i5GXSOqv5Xs2/O6/Wr4s6SnAMFTgFHy6gDjfQgCYQeIRneIU358l5cd6dj/noilPsHMEfOJ8/Q1Wajg==</latexit><latexit sha1_base64="flkUaHt4O+7VjoaAmodFo54NBmE=">AAACC3icbVDLSgMxFL3js9bXqEs3oUVwVWZE0GVBEHdWsA/oDCWTZtrQTCYkGaEM3bvxV9y4UMStP+DOvzFtZ6GtBwKHc+7l5pxIcqaN5307K6tr6xubpa3y9s7u3r57cNjSaaYIbZKUp6oTYU05E7RpmOG0IxXFScRpOxpdTf32A1WapeLejCUNEzwQLGYEGyv13ErAsRhwivKAYI5uJyhQcyGQKpUmRabnVr2aNwNaJn5BqlCg0XO/gn5KsoQKQzjWuut70oQ5VoYRTiflINNUYjLCA9q1VOCE6jCfZZmgE6v0UZwq+4RBM/X3Ro4TrcdJZCcTbIZ60ZuK/3ndzMSXYc6EzAwVZH4ozjiaRrTFoD5TlBg+tgQTxexfERlihYmx9ZVtCf5i5GXSOqv5Xs2/O6/Wr4s6SnAMFTgFHy6gDjfQgCYQeIRneIU358l5cd6dj/noilPsHMEfOJ8/Q1Wajg==</latexit>

U ⌘ t+ ⇡
<latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Nk2zf+q0xCSzQUhbJhY2SZcuYMA=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSLIAhlxo0uBTcuKzhtoVNKJr3ThmYe5lGoQ3+JGxeK+Hfc+W9MHwttPRD4OCfh3pwoF1xpz/t2SlvbO7t75f3KQfXwqOYeV1sqM5JhwDKRyU5EFQqeYqC5FtjJJdIkEtiOxnfzvD1BqXiWPuppjr2EDlMec0a1tfpuLSAhPhk+IZpchjnvu3Wv4S1ENsFfQR1Wavbdr3CQMZNgqpmgSnV9L9e9gkrNmcBZJTQKc8rGdIhdiylNUPWKxeIzcm6dAYkzaU+qycL9/aKgiVLTJLI3E6pHaj2bm/9lXaPjm17B09xoTNlyUGwE0RmZt0AGXCLTYmqBMsntroSNqKRM264qtgR//cub0Lpq+F7Df/CgDKdwBhfgwzXcwj00IQAGBl7gDd6dZ+fV+VjWVXJWvZ3AHzmfPy9PkO0=</latexit><latexit sha1_base64="Nk2zf+q0xCSzQUhbJhY2SZcuYMA=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSLIAhlxo0uBTcuKzhtoVNKJr3ThmYe5lGoQ3+JGxeK+Hfc+W9MHwttPRD4OCfh3pwoF1xpz/t2SlvbO7t75f3KQfXwqOYeV1sqM5JhwDKRyU5EFQqeYqC5FtjJJdIkEtiOxnfzvD1BqXiWPuppjr2EDlMec0a1tfpuLSAhPhk+IZpchjnvu3Wv4S1ENsFfQR1Wavbdr3CQMZNgqpmgSnV9L9e9gkrNmcBZJTQKc8rGdIhdiylNUPWKxeIzcm6dAYkzaU+qycL9/aKgiVLTJLI3E6pHaj2bm/9lXaPjm17B09xoTNlyUGwE0RmZt0AGXCLTYmqBMsntroSNqKRM264qtgR//cub0Lpq+F7Df/CgDKdwBhfgwzXcwj00IQAGBl7gDd6dZ+fV+VjWVXJWvZ3AHzmfPy9PkO0=</latexit><latexit sha1_base64="J5trVz9Y0z6ldf+HLvNdFwTeZyA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIglASL3osCOKxgmmFJpTNdtMu3WzifhRq6S/x4kERr/4Ub/4bt20O2vpg4PHeDDPz4pwzpT3v2ymtrW9sbpW3Kzu7e/tV9+CwpTIjCQ1IxjP5EGNFORM00Exz+pBLitOY03Y8vJ757RGVimXiXo9zGqW4L1jCCNZW6rrVAIX00bAR0ug8zFnXrXl1bw60SvyC1KBAs+t+hb2MmJQKTThWquN7uY4mWGpGOJ1WQqNojskQ92nHUoFTqqLJ/PApOrVKDyWZtCU0mqu/JyY4VWqcxrYzxXqglr2Z+J/XMTq5iiZM5EZTQRaLEsORztAsBdRjkhLNx5ZgIpm9FZEBlphom1XFhuAvv7xKWhd136v7d16tcVPEUYZjOIEz8OESGnALTQiAgIFneIU358l5cd6dj0VrySlmjuAPnM8fe6WSUA==</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit>
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EFT of Inflation



Gravity gauges the time-translation symmetry


The goldstone is generally eaten by the metric:


Equivalence theorem applies in decoupling limit:


Dynamical gravity decouples / metric pure dS


Goldstone action will be accurate up to small corrections
Baumann & DG (2011)

ds2 = �dt2 + a2e2⇣dx2
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EFT of Inflation



In a generic model, space-time symmetries are badly broken
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<latexit sha1_base64="QZnN4j8sWwIyobENe5u/f1i2caE=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqswUQZcFXbisYB/QGYdMmmlDM0lIMmIZiht/xY0LRdz6Fe78G9N2Ftp6IHA45x5u7oklo9p43reztLyyurZe2ihvbm3v7Lp7+y0tMoVJEwsmVCdGmjDKSdNQw0hHKoLSmJF2PLyc+O17ojQV/NaMJAlT1Oc0oRgZK0XuYRIFkt7VYICkVOIBBj1hYCAHNHIrXtWbAi4SvyAVUKARuV82i7OUcIMZ0rrre9KEOVKGYkbG5SDTRCI8RH3StZSjlOgwn54whidW6cFEKPu4gVP1dyJHqdajNLaTKTIDPe9NxP+8bmaSizCnXGaGcDxblGQMGgEnfcAeVQQbNrIEYUXtXyEeIIWwsa2VbQn+/MmLpFWr+l7Vvzmr1K+KOkrgCByDU+CDc1AH16ABmgCDR/AMXsGb8+S8OO/Ox2x0ySkyB+APnM8fY3mWxw==</latexit><latexit sha1_base64="QZnN4j8sWwIyobENe5u/f1i2caE=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqswUQZcFXbisYB/QGYdMmmlDM0lIMmIZiht/xY0LRdz6Fe78G9N2Ftp6IHA45x5u7oklo9p43reztLyyurZe2ihvbm3v7Lp7+y0tMoVJEwsmVCdGmjDKSdNQw0hHKoLSmJF2PLyc+O17ojQV/NaMJAlT1Oc0oRgZK0XuYRIFkt7VYICkVOIBBj1hYCAHNHIrXtWbAi4SvyAVUKARuV82i7OUcIMZ0rrre9KEOVKGYkbG5SDTRCI8RH3StZSjlOgwn54whidW6cFEKPu4gVP1dyJHqdajNLaTKTIDPe9NxP+8bmaSizCnXGaGcDxblGQMGgEnfcAeVQQbNrIEYUXtXyEeIIWwsa2VbQn+/MmLpFWr+l7Vvzmr1K+KOkrgCByDU+CDc1AH16ABmgCDR/AMXsGb8+S8OO/Ox2x0ySkyB+APnM8fY3mWxw==</latexit><latexit sha1_base64="QZnN4j8sWwIyobENe5u/f1i2caE=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqswUQZcFXbisYB/QGYdMmmlDM0lIMmIZiht/xY0LRdz6Fe78G9N2Ftp6IHA45x5u7oklo9p43reztLyyurZe2ihvbm3v7Lp7+y0tMoVJEwsmVCdGmjDKSdNQw0hHKoLSmJF2PLyc+O17ojQV/NaMJAlT1Oc0oRgZK0XuYRIFkt7VYICkVOIBBj1hYCAHNHIrXtWbAi4SvyAVUKARuV82i7OUcIMZ0rrre9KEOVKGYkbG5SDTRCI8RH3StZSjlOgwn54whidW6cFEKPu4gVP1dyJHqdajNLaTKTIDPe9NxP+8bmaSizCnXGaGcDxblGQMGgEnfcAeVQQbNrIEYUXtXyEeIIWwsa2VbQn+/MmLpFWr+l7Vvzmr1K+KOkrgCByDU+CDc1AH16ABmgCDR/AMXsGb8+S8OO/Ox2x0ySkyB+APnM8fY3mWxw==</latexit><latexit sha1_base64="QZnN4j8sWwIyobENe5u/f1i2caE=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqswUQZcFXbisYB/QGYdMmmlDM0lIMmIZiht/xY0LRdz6Fe78G9N2Ftp6IHA45x5u7oklo9p43reztLyyurZe2ihvbm3v7Lp7+y0tMoVJEwsmVCdGmjDKSdNQw0hHKoLSmJF2PLyc+O17ojQV/NaMJAlT1Oc0oRgZK0XuYRIFkt7VYICkVOIBBj1hYCAHNHIrXtWbAi4SvyAVUKARuV82i7OUcIMZ0rrre9KEOVKGYkbG5SDTRCI8RH3StZSjlOgwn54whidW6cFEKPu4gVP1dyJHqdajNLaTKTIDPe9NxP+8bmaSizCnXGaGcDxblGQMGgEnfcAeVQQbNrIEYUXtXyEeIIWwsa2VbQn+/MmLpFWr+l7Vvzmr1K+KOkrgCByDU+CDc1AH16ABmgCDR/AMXsGb8+S8OO/Ox2x0ySkyB+APnM8fY3mWxw==</latexit>

EFT of Inflation
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|Ḣ|

M2
pl

Symmetry breaking

Scale of observations

2⇡�⇣ ⇠
✓
H

f⇡

◆2

<latexit sha1_base64="do4J/dgY9LLF1G4BSg62Wz5gsvE=">AAACHnicbZBLSwMxFIUz9V1fVZdugkXQTZkpii4VXbhUsK3Q1CGT3mlDMw+SO0IdCv4PN/4VNy4UEVzpvzF9LHxdCBzOOSG5X5AqadB1P53C1PTM7Nz8QnFxaXlltbS2XjdJpgXURKISfRVwA0rGUEOJCq5SDTwKFDSC3skwb9yANjKJL7GfQivinViGUnC0ll/ar7JUslNQyH12C8gpMzKiTEGIOyzUXORngzz0bWvAtOx0cfe6Sv1S2a24o6F/hTcRZTKZc7/0ztqJyCKIUShuTNNzU2zlXKMUCgZFlhlIuejxDjStjHkEppWP1hvQbeu0aZhoe2KkI/f7jZxHxvSjwDYjjl3zOxua/2XNDMPDVi7jNEOIxfihMFMUEzpkRdtSg0DVt4ILLe1fqehyywQt0aKF4P1e+a+oVyueW/Eu9spHx3djHPNkk2yRHeKRA3JEzsg5qRFB7skjeSYvzoPz5Lw6b+NqwZkg3CA/xvn4AjJQouk=</latexit><latexit sha1_base64="do4J/dgY9LLF1G4BSg62Wz5gsvE=">AAACHnicbZBLSwMxFIUz9V1fVZdugkXQTZkpii4VXbhUsK3Q1CGT3mlDMw+SO0IdCv4PN/4VNy4UEVzpvzF9LHxdCBzOOSG5X5AqadB1P53C1PTM7Nz8QnFxaXlltbS2XjdJpgXURKISfRVwA0rGUEOJCq5SDTwKFDSC3skwb9yANjKJL7GfQivinViGUnC0ll/ar7JUslNQyH12C8gpMzKiTEGIOyzUXORngzz0bWvAtOx0cfe6Sv1S2a24o6F/hTcRZTKZc7/0ztqJyCKIUShuTNNzU2zlXKMUCgZFlhlIuejxDjStjHkEppWP1hvQbeu0aZhoe2KkI/f7jZxHxvSjwDYjjl3zOxua/2XNDMPDVi7jNEOIxfihMFMUEzpkRdtSg0DVt4ILLe1fqehyywQt0aKF4P1e+a+oVyueW/Eu9spHx3djHPNkk2yRHeKRA3JEzsg5qRFB7skjeSYvzoPz5Lw6b+NqwZkg3CA/xvn4AjJQouk=</latexit><latexit sha1_base64="do4J/dgY9LLF1G4BSg62Wz5gsvE=">AAACHnicbZBLSwMxFIUz9V1fVZdugkXQTZkpii4VXbhUsK3Q1CGT3mlDMw+SO0IdCv4PN/4VNy4UEVzpvzF9LHxdCBzOOSG5X5AqadB1P53C1PTM7Nz8QnFxaXlltbS2XjdJpgXURKISfRVwA0rGUEOJCq5SDTwKFDSC3skwb9yANjKJL7GfQivinViGUnC0ll/ar7JUslNQyH12C8gpMzKiTEGIOyzUXORngzz0bWvAtOx0cfe6Sv1S2a24o6F/hTcRZTKZc7/0ztqJyCKIUShuTNNzU2zlXKMUCgZFlhlIuejxDjStjHkEppWP1hvQbeu0aZhoe2KkI/f7jZxHxvSjwDYjjl3zOxua/2XNDMPDVi7jNEOIxfihMFMUEzpkRdtSg0DVt4ILLe1fqehyywQt0aKF4P1e+a+oVyueW/Eu9spHx3djHPNkk2yRHeKRA3JEzsg5qRFB7skjeSYvzoPz5Lw6b+NqwZkg3CA/xvn4AjJQouk=</latexit><latexit sha1_base64="do4J/dgY9LLF1G4BSg62Wz5gsvE=">AAACHnicbZBLSwMxFIUz9V1fVZdugkXQTZkpii4VXbhUsK3Q1CGT3mlDMw+SO0IdCv4PN/4VNy4UEVzpvzF9LHxdCBzOOSG5X5AqadB1P53C1PTM7Nz8QnFxaXlltbS2XjdJpgXURKISfRVwA0rGUEOJCq5SDTwKFDSC3skwb9yANjKJL7GfQivinViGUnC0ll/ar7JUslNQyH12C8gpMzKiTEGIOyzUXORngzz0bWvAtOx0cfe6Sv1S2a24o6F/hTcRZTKZc7/0ztqJyCKIUShuTNNzU2zlXKMUCgZFlhlIuejxDjStjHkEppWP1hvQbeu0aZhoe2KkI/f7jZxHxvSjwDYjjl3zOxua/2XNDMPDVi7jNEOIxfihMFMUEzpkRdtSg0DVt4ILLe1fqehyywQt0aKF4P1e+a+oVyueW/Eu9spHx3djHPNkk2yRHeKRA3JEzsg5qRFB7skjeSYvzoPz5Lw6b+NqwZkg3CA/xvn4AjJQouk=</latexit>

f⇡ = 59H
<latexit sha1_base64="yquJizaD9UaK1qBk4sH12O9y09Y=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVi3oQCnrosYL9gO5Ssmm2Dc1mQ5IVytK/4cWDIl79M978N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo7ZOUkVoiyQ8Ud0Qa8qZoC3DDKddqSiOQ0474fhu5neeqNIsEY9mImkQ46FgESPYWMmP+pkv2fS2doMa/XLFrbpzoFXi5aQCOZr98pc/SEgaU2EIx1r3PFeaIMPKMMLptOSnmkpMxnhIe5YKHFMdZPObp+jMKgMUJcqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ea6DrImJCpoYIsFkUpRyZBswDQgClKDJ9Ygoli9lZERlhhYmxMJRuCt/zyKmlfVD236j1cVur3eRxFOIFTOAcPrqAODWhCCwhIeIZXeHNS58V5dz4WrQUnnzmGP3A+fwD4kZD5</latexit><latexit sha1_base64="yquJizaD9UaK1qBk4sH12O9y09Y=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVi3oQCnrosYL9gO5Ssmm2Dc1mQ5IVytK/4cWDIl79M978N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo7ZOUkVoiyQ8Ud0Qa8qZoC3DDKddqSiOQ0474fhu5neeqNIsEY9mImkQ46FgESPYWMmP+pkv2fS2doMa/XLFrbpzoFXi5aQCOZr98pc/SEgaU2EIx1r3PFeaIMPKMMLptOSnmkpMxnhIe5YKHFMdZPObp+jMKgMUJcqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ea6DrImJCpoYIsFkUpRyZBswDQgClKDJ9Ygoli9lZERlhhYmxMJRuCt/zyKmlfVD236j1cVur3eRxFOIFTOAcPrqAODWhCCwhIeIZXeHNS58V5dz4WrQUnnzmGP3A+fwD4kZD5</latexit><latexit sha1_base64="yquJizaD9UaK1qBk4sH12O9y09Y=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVi3oQCnrosYL9gO5Ssmm2Dc1mQ5IVytK/4cWDIl79M978N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo7ZOUkVoiyQ8Ud0Qa8qZoC3DDKddqSiOQ0474fhu5neeqNIsEY9mImkQ46FgESPYWMmP+pkv2fS2doMa/XLFrbpzoFXi5aQCOZr98pc/SEgaU2EIx1r3PFeaIMPKMMLptOSnmkpMxnhIe5YKHFMdZPObp+jMKgMUJcqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ea6DrImJCpoYIsFkUpRyZBswDQgClKDJ9Ygoli9lZERlhhYmxMJRuCt/zyKmlfVD236j1cVur3eRxFOIFTOAcPrqAODWhCCwhIeIZXeHNS58V5dz4WrQUnnzmGP3A+fwD4kZD5</latexit><latexit sha1_base64="yquJizaD9UaK1qBk4sH12O9y09Y=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVi3oQCnrosYL9gO5Ssmm2Dc1mQ5IVytK/4cWDIl79M978N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo7ZOUkVoiyQ8Ud0Qa8qZoC3DDKddqSiOQ0474fhu5neeqNIsEY9mImkQ46FgESPYWMmP+pkv2fS2doMa/XLFrbpzoFXi5aQCOZr98pc/SEgaU2EIx1r3PFeaIMPKMMLptOSnmkpMxnhIe5YKHFMdZPObp+jMKgMUJcqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ea6DrImJCpoYIsFkUpRyZBswDQgClKDJ9Ygoli9lZERlhhYmxMJRuCt/zyKmlfVD236j1cVur3eRxFOIFTOAcPrqAODWhCCwhIeIZXeHNS58V5dz4WrQUnnzmGP3A+fwD4kZD5</latexit>

Single Field Inflation

In a generic model, space-time symmetries are badly broken




Expanding the action imposing symmetries nonlinearly


It is useful to work with


To leading order in derivatives
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<latexit sha1_base64="3cS6KCtpYUAFHYJLCh8ALkz8ZOo=">AAACGXicbVDLSgNBEJyNrxhfqx69DAYhQgy7EtBjQAgeI5oHZGOYnUySIbOz60yvGJb8hhd/xYsHRTzqyb9x8jhoYkFDUdVNd5cfCa7Bcb6t1NLyyupaej2zsbm1vWPv7tV0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+4OLsV+/Z0rzUN7AMGKtgPQk73JKwEht27nGno4jzQB7XALu3BYfjHKnIDnpjbCXx+VcNe9J4gvS9oL4uG1nnYIzAV4k7oxk0QyVtv3pdUIaB0wCFUTrputE0EqIAk4FG2W8WLOI0AHpsaahkgRMt5LJZyN8ZJQO7obKlLluov6eSEig9TDwTWdAoK/nvbH4n9eMoXveSriMYmCSThd1Y4EhxOOYcIcrRkEMDSFUcXMrpn2iCAUTZsaE4M6/vEhqpwXXKbhXxWypPIsjjQ7QIcohF52hErpEFVRFFD2iZ/SK3qwn68V6tz6mrSlrNrOP/sD6+gHxVp8A</latexit><latexit sha1_base64="3cS6KCtpYUAFHYJLCh8ALkz8ZOo=">AAACGXicbVDLSgNBEJyNrxhfqx69DAYhQgy7EtBjQAgeI5oHZGOYnUySIbOz60yvGJb8hhd/xYsHRTzqyb9x8jhoYkFDUdVNd5cfCa7Bcb6t1NLyyupaej2zsbm1vWPv7tV0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+4OLsV+/Z0rzUN7AMGKtgPQk73JKwEht27nGno4jzQB7XALu3BYfjHKnIDnpjbCXx+VcNe9J4gvS9oL4uG1nnYIzAV4k7oxk0QyVtv3pdUIaB0wCFUTrputE0EqIAk4FG2W8WLOI0AHpsaahkgRMt5LJZyN8ZJQO7obKlLluov6eSEig9TDwTWdAoK/nvbH4n9eMoXveSriMYmCSThd1Y4EhxOOYcIcrRkEMDSFUcXMrpn2iCAUTZsaE4M6/vEhqpwXXKbhXxWypPIsjjQ7QIcohF52hErpEFVRFFD2iZ/SK3qwn68V6tz6mrSlrNrOP/sD6+gHxVp8A</latexit><latexit sha1_base64="3cS6KCtpYUAFHYJLCh8ALkz8ZOo=">AAACGXicbVDLSgNBEJyNrxhfqx69DAYhQgy7EtBjQAgeI5oHZGOYnUySIbOz60yvGJb8hhd/xYsHRTzqyb9x8jhoYkFDUdVNd5cfCa7Bcb6t1NLyyupaej2zsbm1vWPv7tV0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+4OLsV+/Z0rzUN7AMGKtgPQk73JKwEht27nGno4jzQB7XALu3BYfjHKnIDnpjbCXx+VcNe9J4gvS9oL4uG1nnYIzAV4k7oxk0QyVtv3pdUIaB0wCFUTrputE0EqIAk4FG2W8WLOI0AHpsaahkgRMt5LJZyN8ZJQO7obKlLluov6eSEig9TDwTWdAoK/nvbH4n9eMoXveSriMYmCSThd1Y4EhxOOYcIcrRkEMDSFUcXMrpn2iCAUTZsaE4M6/vEhqpwXXKbhXxWypPIsjjQ7QIcohF52hErpEFVRFFD2iZ/SK3qwn68V6tz6mrSlrNrOP/sD6+gHxVp8A</latexit><latexit sha1_base64="3cS6KCtpYUAFHYJLCh8ALkz8ZOo=">AAACGXicbVDLSgNBEJyNrxhfqx69DAYhQgy7EtBjQAgeI5oHZGOYnUySIbOz60yvGJb8hhd/xYsHRTzqyb9x8jhoYkFDUdVNd5cfCa7Bcb6t1NLyyupaej2zsbm1vWPv7tV0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+4OLsV+/Z0rzUN7AMGKtgPQk73JKwEht27nGno4jzQB7XALu3BYfjHKnIDnpjbCXx+VcNe9J4gvS9oL4uG1nnYIzAV4k7oxk0QyVtv3pdUIaB0wCFUTrputE0EqIAk4FG2W8WLOI0AHpsaahkgRMt5LJZyN8ZJQO7obKlLluov6eSEig9TDwTWdAoK/nvbH4n9eMoXveSriMYmCSThd1Y4EhxOOYcIcrRkEMDSFUcXMrpn2iCAUTZsaE4M6/vEhqpwXXKbhXxWypPIsjjQ7QIcohF52hErpEFVRFFD2iZ/SK3qwn68V6tz6mrSlrNrOP/sD6+gHxVp8A</latexit>

U ⌘ t+ ⇡
<latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Nk2zf+q0xCSzQUhbJhY2SZcuYMA=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSLIAhlxo0uBTcuKzhtoVNKJr3ThmYe5lGoQ3+JGxeK+Hfc+W9MHwttPRD4OCfh3pwoF1xpz/t2SlvbO7t75f3KQfXwqOYeV1sqM5JhwDKRyU5EFQqeYqC5FtjJJdIkEtiOxnfzvD1BqXiWPuppjr2EDlMec0a1tfpuLSAhPhk+IZpchjnvu3Wv4S1ENsFfQR1Wavbdr3CQMZNgqpmgSnV9L9e9gkrNmcBZJTQKc8rGdIhdiylNUPWKxeIzcm6dAYkzaU+qycL9/aKgiVLTJLI3E6pHaj2bm/9lXaPjm17B09xoTNlyUGwE0RmZt0AGXCLTYmqBMsntroSNqKRM264qtgR//cub0Lpq+F7Df/CgDKdwBhfgwzXcwj00IQAGBl7gDd6dZ+fV+VjWVXJWvZ3AHzmfPy9PkO0=</latexit><latexit sha1_base64="Nk2zf+q0xCSzQUhbJhY2SZcuYMA=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSLIAhlxo0uBTcuKzhtoVNKJr3ThmYe5lGoQ3+JGxeK+Hfc+W9MHwttPRD4OCfh3pwoF1xpz/t2SlvbO7t75f3KQfXwqOYeV1sqM5JhwDKRyU5EFQqeYqC5FtjJJdIkEtiOxnfzvD1BqXiWPuppjr2EDlMec0a1tfpuLSAhPhk+IZpchjnvu3Wv4S1ENsFfQR1Wavbdr3CQMZNgqpmgSnV9L9e9gkrNmcBZJTQKc8rGdIhdiylNUPWKxeIzcm6dAYkzaU+qycL9/aKgiVLTJLI3E6pHaj2bm/9lXaPjm17B09xoTNlyUGwE0RmZt0AGXCLTYmqBMsntroSNqKRM264qtgR//cub0Lpq+F7Df/CgDKdwBhfgwzXcwj00IQAGBl7gDd6dZ+fV+VjWVXJWvZ3AHzmfPy9PkO0=</latexit><latexit sha1_base64="J5trVz9Y0z6ldf+HLvNdFwTeZyA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIglASL3osCOKxgmmFJpTNdtMu3WzifhRq6S/x4kERr/4Ub/4bt20O2vpg4PHeDDPz4pwzpT3v2ymtrW9sbpW3Kzu7e/tV9+CwpTIjCQ1IxjP5EGNFORM00Exz+pBLitOY03Y8vJ757RGVimXiXo9zGqW4L1jCCNZW6rrVAIX00bAR0ug8zFnXrXl1bw60SvyC1KBAs+t+hb2MmJQKTThWquN7uY4mWGpGOJ1WQqNojskQ92nHUoFTqqLJ/PApOrVKDyWZtCU0mqu/JyY4VWqcxrYzxXqglr2Z+J/XMTq5iiZM5EZTQRaLEsORztAsBdRjkhLNx5ZgIpm9FZEBlphom1XFhuAvv7xKWhd136v7d16tcVPEUYZjOIEz8OESGnALTQiAgIFneIU358l5cd6dj0VrySlmjuAPnM8fe6WSUA==</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit><latexit sha1_base64="hktDvbeUBtzwLCVomHggoLKhKtU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASEfRYEMRjBdMWmlA22027dPPh7myhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL8wEV+A431ZpbX1jc6u8XdnZ3duv2geHLZVqSZlHU5HKTkgUEzxhHnAQrJNJRuJQsHY4upn57TGTiqfJA0wyFsRkkPCIUwJG6tlVD/vsUfMxBnzuZ7xn15y6MwdeJW5BaqhAs2d/+f2U6pglQAVRqus6GQQ5kcCpYNOKrxXLCB2RAesampCYqSCfHz7Fp0bp4yiVphLAc/X3RE5ipSZxaDpjAkO17M3E/7yuhug6yHmSaWAJXSyKtMCQ4lkKuM8loyAmhhAqubkV0yGRhILJqmJCcJdfXiWti7rr1N37y1rjtoijjI7RCTpDLrpCDXSHmshDFGn0jF7Rm/VkvVjv1seitWQVM0foD6zPH3zlklQ=</latexit>

@µU@µU + 1 = 2⇡̇ + @µ⇡@
µ⇡

<latexit sha1_base64="oN/uQj/dtiZldzy/efCLaWUyRSY=">AAACOnicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1QdOOyBdMW2hgm00k7dDIJMxOhhH6XG7/CnQs3LhRx6wc4SSPY1gsD555zH3OPHzMqlWW9GCura+sbm6Wt8vbO7t6+eXDYllEiMHFwxCLR9ZEkjHLiKKoY6caCoNBnpOOPbzK980CEpBG/U5OYuCEachpQjJSmPLPVj5FQFDGvHybQgb/pfZ5WbXgF67A/iJRWKKzCufKMmmvICM+sWDUrD7gM7AJUQBFNz3zW83ESEq4wQ1L2bCtWbpqNxYxMy/1EkhjhMRqSnoYchUS6aX76FJ5qZgCDSOjHFczZvx0pCqWchL6uDJEayUUtI//TeokKLt2U8jhRhOPZoiBhUEUw8xEOqCBYsYkGCAuq/wrxCAmElXa7rE2wF09eBu16zbZqduu80rgu7CiBY3ACzoANLkAD3IImcAAGj+AVvIMP48l4Mz6Nr1npilH0HIG5ML5/AE3Vq+0=</latexit><latexit sha1_base64="oN/uQj/dtiZldzy/efCLaWUyRSY=">AAACOnicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1QdOOyBdMW2hgm00k7dDIJMxOhhH6XG7/CnQs3LhRx6wc4SSPY1gsD555zH3OPHzMqlWW9GCura+sbm6Wt8vbO7t6+eXDYllEiMHFwxCLR9ZEkjHLiKKoY6caCoNBnpOOPbzK980CEpBG/U5OYuCEachpQjJSmPLPVj5FQFDGvHybQgb/pfZ5WbXgF67A/iJRWKKzCufKMmmvICM+sWDUrD7gM7AJUQBFNz3zW83ESEq4wQ1L2bCtWbpqNxYxMy/1EkhjhMRqSnoYchUS6aX76FJ5qZgCDSOjHFczZvx0pCqWchL6uDJEayUUtI//TeokKLt2U8jhRhOPZoiBhUEUw8xEOqCBYsYkGCAuq/wrxCAmElXa7rE2wF09eBu16zbZqduu80rgu7CiBY3ACzoANLkAD3IImcAAGj+AVvIMP48l4Mz6Nr1npilH0HIG5ML5/AE3Vq+0=</latexit><latexit sha1_base64="oN/uQj/dtiZldzy/efCLaWUyRSY=">AAACOnicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1QdOOyBdMW2hgm00k7dDIJMxOhhH6XG7/CnQs3LhRx6wc4SSPY1gsD555zH3OPHzMqlWW9GCura+sbm6Wt8vbO7t6+eXDYllEiMHFwxCLR9ZEkjHLiKKoY6caCoNBnpOOPbzK980CEpBG/U5OYuCEachpQjJSmPLPVj5FQFDGvHybQgb/pfZ5WbXgF67A/iJRWKKzCufKMmmvICM+sWDUrD7gM7AJUQBFNz3zW83ESEq4wQ1L2bCtWbpqNxYxMy/1EkhjhMRqSnoYchUS6aX76FJ5qZgCDSOjHFczZvx0pCqWchL6uDJEayUUtI//TeokKLt2U8jhRhOPZoiBhUEUw8xEOqCBYsYkGCAuq/wrxCAmElXa7rE2wF09eBu16zbZqduu80rgu7CiBY3ACzoANLkAD3IImcAAGj+AVvIMP48l4Mz6Nr1npilH0HIG5ML5/AE3Vq+0=</latexit><latexit sha1_base64="oN/uQj/dtiZldzy/efCLaWUyRSY=">AAACOnicbVDLSsNAFJ34rPUVdelmsAhCoSRF0I1QdOOyBdMW2hgm00k7dDIJMxOhhH6XG7/CnQs3LhRx6wc4SSPY1gsD555zH3OPHzMqlWW9GCura+sbm6Wt8vbO7t6+eXDYllEiMHFwxCLR9ZEkjHLiKKoY6caCoNBnpOOPbzK980CEpBG/U5OYuCEachpQjJSmPLPVj5FQFDGvHybQgb/pfZ5WbXgF67A/iJRWKKzCufKMmmvICM+sWDUrD7gM7AJUQBFNz3zW83ESEq4wQ1L2bCtWbpqNxYxMy/1EkhjhMRqSnoYchUS6aX76FJ5qZgCDSOjHFczZvx0pCqWchL6uDJEayUUtI//TeokKLt2U8jhRhOPZoiBhUEUw8xEOqCBYsYkGCAuq/wrxCAmElXa7rE2wF09eBu16zbZqduu80rgu7CiBY3ACzoANLkAD3IImcAAGj+AVvIMP48l4Mz6Nr1npilH0HIG5ML5/AE3Vq+0=</latexit>

O(⇡n)
<latexit sha1_base64="hux5EwUMZQPnsOu4oyIlCffGts8=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISKeix6MWbFewHNLFstpt26WYTdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2+/bB8ctlWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueRSsVica8nCfUjPBQsZARrI/XtcuYRzNHttOol7EGc9e2KU3PmQKvEzUkFcjT79pc3iEkaUaEJx0r1XCfRfoalZoTTaclLFU0wGeMh7RkqcESVn80Pn6JTowxQGEtTQqO5+nsiw5FSkygwnRHWI7XszcT/vF6qw0s/YyJJNRVksShMOdIxmqWABkxSovnEEEwkM7ciMsISE22yKpkQ3OWXV0n7vOY6NfeuXmlc5XEU4RhOoAouXEADbqAJLSCQwjO8wpv1ZL1Y79bHorVg5TNH8AfW5w/Qt5KG</latexit><latexit sha1_base64="hux5EwUMZQPnsOu4oyIlCffGts8=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISKeix6MWbFewHNLFstpt26WYTdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2+/bB8ctlWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueRSsVica8nCfUjPBQsZARrI/XtcuYRzNHttOol7EGc9e2KU3PmQKvEzUkFcjT79pc3iEkaUaEJx0r1XCfRfoalZoTTaclLFU0wGeMh7RkqcESVn80Pn6JTowxQGEtTQqO5+nsiw5FSkygwnRHWI7XszcT/vF6qw0s/YyJJNRVksShMOdIxmqWABkxSovnEEEwkM7ciMsISE22yKpkQ3OWXV0n7vOY6NfeuXmlc5XEU4RhOoAouXEADbqAJLSCQwjO8wpv1ZL1Y79bHorVg5TNH8AfW5w/Qt5KG</latexit><latexit sha1_base64="hux5EwUMZQPnsOu4oyIlCffGts8=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISKeix6MWbFewHNLFstpt26WYTdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2+/bB8ctlWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueRSsVica8nCfUjPBQsZARrI/XtcuYRzNHttOol7EGc9e2KU3PmQKvEzUkFcjT79pc3iEkaUaEJx0r1XCfRfoalZoTTaclLFU0wGeMh7RkqcESVn80Pn6JTowxQGEtTQqO5+nsiw5FSkygwnRHWI7XszcT/vF6qw0s/YyJJNRVksShMOdIxmqWABkxSovnEEEwkM7ciMsISE22yKpkQ3OWXV0n7vOY6NfeuXmlc5XEU4RhOoAouXEADbqAJLSCQwjO8wpv1ZL1Y79bHorVg5TNH8AfW5w/Qt5KG</latexit><latexit sha1_base64="hux5EwUMZQPnsOu4oyIlCffGts8=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISKeix6MWbFewHNLFstpt26WYTdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2+/bB8ctlWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueRSsVica8nCfUjPBQsZARrI/XtcuYRzNHttOol7EGc9e2KU3PmQKvEzUkFcjT79pc3iEkaUaEJx0r1XCfRfoalZoTTaclLFU0wGeMh7RkqcESVn80Pn6JTowxQGEtTQqO5+nsiw5FSkygwnRHWI7XszcT/vF6qw0s/YyJJNRVksShMOdIxmqWABkxSovnEEEwkM7ciMsISE22yKpkQ3OWXV0n7vOY6NfeuXmlc5XEU4RhOoAouXEADbqAJLSCQwjO8wpv1ZL1Y79bHorVg5TNH8AfW5w/Qt5KG</latexit>

Scale invariance:

S �
1X

n=0

M4
n(U)(@µU@µU + 1)n

<latexit sha1_base64="jZ5Uf7YR0nDRzIi5TrLNVQ9EwbQ="></latexit><latexit sha1_base64="jZ5Uf7YR0nDRzIi5TrLNVQ9EwbQ="></latexit><latexit sha1_base64="jZ5Uf7YR0nDRzIi5TrLNVQ9EwbQ="></latexit><latexit sha1_base64="jZ5Uf7YR0nDRzIi5TrLNVQ9EwbQ="></latexit>

M4
n(U) ! M4

n
<latexit sha1_base64="jirgshD29gDl3H7PtPT/TtabfmY=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSxCvZRECnosevEiVDBtoY1hs920SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YOHtezPMzAsSzpS27W+rsLa+sblV3C7t7O7tH5QPK20Vp5JQl8Q8lt0AK8qZoK5mmtNuIimOAk47wfh65nceqVQsFvd6klAvwkPBQkawNpJfrtz64qFRc89QX8do/vHLVbtuz4FWiZOTKuRo+eWv/iAmaUSFJhwr1XPsRHsZlpoRTqelfqpogskYD2nPUIEjqrxsvvsUnRplgMJYmic0mqu/OzIcKTWJAlMZYT1Sy95M/M/rpTq89DImklRTQRaDwpQjc+YsCDRgkhLNJ4ZgIpnZFZERlphoE1fJhOAsn7xK2ud1x647d41q8yqPowjHcAI1cOACmnADLXCBwBM8wyu8WVPrxXq3PhalBSvvOYI/sD5/AJ0Rktw=</latexit><latexit sha1_base64="jirgshD29gDl3H7PtPT/TtabfmY=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSxCvZRECnosevEiVDBtoY1hs920SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YOHtezPMzAsSzpS27W+rsLa+sblV3C7t7O7tH5QPK20Vp5JQl8Q8lt0AK8qZoK5mmtNuIimOAk47wfh65nceqVQsFvd6klAvwkPBQkawNpJfrtz64qFRc89QX8do/vHLVbtuz4FWiZOTKuRo+eWv/iAmaUSFJhwr1XPsRHsZlpoRTqelfqpogskYD2nPUIEjqrxsvvsUnRplgMJYmic0mqu/OzIcKTWJAlMZYT1Sy95M/M/rpTq89DImklRTQRaDwpQjc+YsCDRgkhLNJ4ZgIpnZFZERlphoE1fJhOAsn7xK2ud1x647d41q8yqPowjHcAI1cOACmnADLXCBwBM8wyu8WVPrxXq3PhalBSvvOYI/sD5/AJ0Rktw=</latexit><latexit sha1_base64="jirgshD29gDl3H7PtPT/TtabfmY=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSxCvZRECnosevEiVDBtoY1hs920SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YOHtezPMzAsSzpS27W+rsLa+sblV3C7t7O7tH5QPK20Vp5JQl8Q8lt0AK8qZoK5mmtNuIimOAk47wfh65nceqVQsFvd6klAvwkPBQkawNpJfrtz64qFRc89QX8do/vHLVbtuz4FWiZOTKuRo+eWv/iAmaUSFJhwr1XPsRHsZlpoRTqelfqpogskYD2nPUIEjqrxsvvsUnRplgMJYmic0mqu/OzIcKTWJAlMZYT1Sy95M/M/rpTq89DImklRTQRaDwpQjc+YsCDRgkhLNJ4ZgIpnZFZERlphoE1fJhOAsn7xK2ud1x647d41q8yqPowjHcAI1cOACmnADLXCBwBM8wyu8WVPrxXq3PhalBSvvOYI/sD5/AJ0Rktw=</latexit><latexit sha1_base64="jirgshD29gDl3H7PtPT/TtabfmY=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSxCvZRECnosevEiVDBtoY1hs920SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YOHtezPMzAsSzpS27W+rsLa+sblV3C7t7O7tH5QPK20Vp5JQl8Q8lt0AK8qZoK5mmtNuIimOAk47wfh65nceqVQsFvd6klAvwkPBQkawNpJfrtz64qFRc89QX8do/vHLVbtuz4FWiZOTKuRo+eWv/iAmaUSFJhwr1XPsRHsZlpoRTqelfqpogskYD2nPUIEjqrxsvvsUnRplgMJYmic0mqu/OzIcKTWJAlMZYT1Sy95M/M/rpTq89DImklRTQRaDwpQjc+YsCDRgkhLNJ4ZgIpnZFZERlphoE1fJhOAsn7xK2ud1x647d41q8yqPowjHcAI1cOACmnADLXCBwBM8wyu8WVPrxXq3PhalBSvvOYI/sD5/AJ0Rktw=</latexit>

Single Field Inflation



We find the quadratic action


The speed of propagation is related to interactions 


Small sound speed = large interactions

L0 = �M
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plḢ
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⇤
<latexit sha1_base64="0BRD1mcV+6dTardSziuQXqk51CU="></latexit><latexit sha1_base64="0BRD1mcV+6dTardSziuQXqk51CU="></latexit><latexit sha1_base64="0BRD1mcV+6dTardSziuQXqk51CU="></latexit><latexit sha1_base64="0BRD1mcV+6dTardSziuQXqk51CU="></latexit>
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plḢ � 2M4

2
<latexit sha1_base64="SHOPqkNiSl59677DFnl4ZgvPh+c="></latexit><latexit sha1_base64="SHOPqkNiSl59677DFnl4ZgvPh+c="></latexit><latexit sha1_base64="SHOPqkNiSl59677DFnl4ZgvPh+c="></latexit><latexit sha1_base64="SHOPqkNiSl59677DFnl4ZgvPh+c="></latexit>
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<latexit sha1_base64="vdNQhUv0vBZqzVrlsoNFvdrhysk="></latexit><latexit sha1_base64="vdNQhUv0vBZqzVrlsoNFvdrhysk="></latexit><latexit sha1_base64="vdNQhUv0vBZqzVrlsoNFvdrhysk="></latexit><latexit sha1_base64="vdNQhUv0vBZqzVrlsoNFvdrhysk="></latexit>

Single Field Inflation



What do we know from data?


��1
⇣

H
2

⇤2
⇡ f

eq
NL = �26± 94 (95%)

<latexit sha1_base64="UDmFfKA0Ygh7QpoVuWsMP/VjwKk="></latexit><latexit sha1_base64="UDmFfKA0Ygh7QpoVuWsMP/VjwKk="></latexit><latexit sha1_base64="UDmFfKA0Ygh7QpoVuWsMP/VjwKk="></latexit><latexit sha1_base64="UDmFfKA0Ygh7QpoVuWsMP/VjwKk="></latexit>

Single Field Inflation

Lint �
1

⇤2
⇡̇crµ⇡crµ⇡c

<latexit sha1_base64="jhlgNP18Ny87+koiqXWgi0MFUbU="></latexit><latexit sha1_base64="jhlgNP18Ny87+koiqXWgi0MFUbU="></latexit><latexit sha1_base64="jhlgNP18Ny87+koiqXWgi0MFUbU="></latexit><latexit sha1_base64="jhlgNP18Ny87+koiqXWgi0MFUbU="></latexit>



cs > 0.021 (95%)
<latexit sha1_base64="KQLYLRe5VwCl0H5CVVnlJDM5K2M=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAUKkhJiqJupOBGdxXsA5oQJtNJO3TyYGYilFDwV9y4UMSt3+HOv3HaZqHVAxcO59zLvff4CWdSWdaXUVhaXlldK66XNja3tnfM3b22jFNBaIvEPBZdH0vKWURbiilOu4mgOPQ57fij66nfeaBCsji6V+OEuiEeRCxgBCsteeYB8SS6QlbNqtvIOUHVyzOncuyZZa3MgP4SOydlyNH0zE+nH5M0pJEiHEvZs61EuRkWihFOJyUnlTTBZIQHtKdphEMq3Wx2/gRVtNJHQSx0RQrN1J8TGQ6lHIe+7gyxGspFbyr+5/VSFVy4GYuSVNGIzBcFKUcqRtMsUJ8JShQfa4KJYPpWRIZYYKJ0YiUdgr348l/Srtdsq2bfnZYbt3kcRTiEI6iCDefQgBtoQgsIZPAEL/BqPBrPxpvxPm8tGPnMPvyC8fEN1paSMA==</latexit><latexit sha1_base64="KQLYLRe5VwCl0H5CVVnlJDM5K2M=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAUKkhJiqJupOBGdxXsA5oQJtNJO3TyYGYilFDwV9y4UMSt3+HOv3HaZqHVAxcO59zLvff4CWdSWdaXUVhaXlldK66XNja3tnfM3b22jFNBaIvEPBZdH0vKWURbiilOu4mgOPQ57fij66nfeaBCsji6V+OEuiEeRCxgBCsteeYB8SS6QlbNqtvIOUHVyzOncuyZZa3MgP4SOydlyNH0zE+nH5M0pJEiHEvZs61EuRkWihFOJyUnlTTBZIQHtKdphEMq3Wx2/gRVtNJHQSx0RQrN1J8TGQ6lHIe+7gyxGspFbyr+5/VSFVy4GYuSVNGIzBcFKUcqRtMsUJ8JShQfa4KJYPpWRIZYYKJ0YiUdgr348l/Srtdsq2bfnZYbt3kcRTiEI6iCDefQgBtoQgsIZPAEL/BqPBrPxpvxPm8tGPnMPvyC8fEN1paSMA==</latexit><latexit sha1_base64="KQLYLRe5VwCl0H5CVVnlJDM5K2M=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAUKkhJiqJupOBGdxXsA5oQJtNJO3TyYGYilFDwV9y4UMSt3+HOv3HaZqHVAxcO59zLvff4CWdSWdaXUVhaXlldK66XNja3tnfM3b22jFNBaIvEPBZdH0vKWURbiilOu4mgOPQ57fij66nfeaBCsji6V+OEuiEeRCxgBCsteeYB8SS6QlbNqtvIOUHVyzOncuyZZa3MgP4SOydlyNH0zE+nH5M0pJEiHEvZs61EuRkWihFOJyUnlTTBZIQHtKdphEMq3Wx2/gRVtNJHQSx0RQrN1J8TGQ6lHIe+7gyxGspFbyr+5/VSFVy4GYuSVNGIzBcFKUcqRtMsUJ8JShQfa4KJYPpWRIZYYKJ0YiUdgr348l/Srtdsq2bfnZYbt3kcRTiEI6iCDefQgBtoQgsIZPAEL/BqPBrPxpvxPm8tGPnMPvyC8fEN1paSMA==</latexit><latexit sha1_base64="KQLYLRe5VwCl0H5CVVnlJDM5K2M=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAUKkhJiqJupOBGdxXsA5oQJtNJO3TyYGYilFDwV9y4UMSt3+HOv3HaZqHVAxcO59zLvff4CWdSWdaXUVhaXlldK66XNja3tnfM3b22jFNBaIvEPBZdH0vKWURbiilOu4mgOPQ57fij66nfeaBCsji6V+OEuiEeRCxgBCsteeYB8SS6QlbNqtvIOUHVyzOncuyZZa3MgP4SOydlyNH0zE+nH5M0pJEiHEvZs61EuRkWihFOJyUnlTTBZIQHtKdphEMq3Wx2/gRVtNJHQSx0RQrN1J8TGQ6lHIe+7gyxGspFbyr+5/VSFVy4GYuSVNGIzBcFKUcqRtMsUJ8JShQfa4KJYPpWRIZYYKJ0YiUdgr348l/Srtdsq2bfnZYbt3kcRTiEI6iCDefQgBtoQgsIZPAEL/BqPBrPxpvxPm8tGPnMPvyC8fEN1paSMA==</latexit>

M4
3

<latexit sha1_base64="9ILkTgMFEdLJnf7pZRDqGb/4Tuw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokW9FjwogehgmkLbSyb7aZdutmE3YlQSn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0cNkySacZ9lshEt0JquBSK+yhQ8laqOY1DyZvh8HrqN5+4NiJRDzhKeRDTvhKRYBSt5N91Lx6r3VLZrbgzkGXi5aQMOerd0lenl7As5gqZpMa0PTfFYEw1Cib5pNjJDE8pG9I+b1uqaMxNMJ4dOyGnVumRKNG2FJKZ+ntiTGNjRnFoO2OKA7PoTcX/vHaG0VUwFirNkCs2XxRlkmBCpp+TntCcoRxZQpkW9lbCBlRThjafog3BW3x5mTTOK55b8e6r5dptHkcBjuEEzsCDS6jBDdTBBwYCnuEV3hzlvDjvzse8dcXJZ47gD5zPH/iHjiQ=</latexit><latexit sha1_base64="9ILkTgMFEdLJnf7pZRDqGb/4Tuw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokW9FjwogehgmkLbSyb7aZdutmE3YlQSn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0cNkySacZ9lshEt0JquBSK+yhQ8laqOY1DyZvh8HrqN5+4NiJRDzhKeRDTvhKRYBSt5N91Lx6r3VLZrbgzkGXi5aQMOerd0lenl7As5gqZpMa0PTfFYEw1Cib5pNjJDE8pG9I+b1uqaMxNMJ4dOyGnVumRKNG2FJKZ+ntiTGNjRnFoO2OKA7PoTcX/vHaG0VUwFirNkCs2XxRlkmBCpp+TntCcoRxZQpkW9lbCBlRThjafog3BW3x5mTTOK55b8e6r5dptHkcBjuEEzsCDS6jBDdTBBwYCnuEV3hzlvDjvzse8dcXJZ47gD5zPH/iHjiQ=</latexit><latexit sha1_base64="9ILkTgMFEdLJnf7pZRDqGb/4Tuw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokW9FjwogehgmkLbSyb7aZdutmE3YlQSn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0cNkySacZ9lshEt0JquBSK+yhQ8laqOY1DyZvh8HrqN5+4NiJRDzhKeRDTvhKRYBSt5N91Lx6r3VLZrbgzkGXi5aQMOerd0lenl7As5gqZpMa0PTfFYEw1Cib5pNjJDE8pG9I+b1uqaMxNMJ4dOyGnVumRKNG2FJKZ+ntiTGNjRnFoO2OKA7PoTcX/vHaG0VUwFirNkCs2XxRlkmBCpp+TntCcoRxZQpkW9lbCBlRThjafog3BW3x5mTTOK55b8e6r5dptHkcBjuEEzsCDS6jBDdTBBwYCnuEV3hzlvDjvzse8dcXJZ47gD5zPH/iHjiQ=</latexit><latexit sha1_base64="9ILkTgMFEdLJnf7pZRDqGb/4Tuw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokW9FjwogehgmkLbSyb7aZdutmE3YlQSn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dldW19Y7OwVdze2d3bLx0cNkySacZ9lshEt0JquBSK+yhQ8laqOY1DyZvh8HrqN5+4NiJRDzhKeRDTvhKRYBSt5N91Lx6r3VLZrbgzkGXi5aQMOerd0lenl7As5gqZpMa0PTfFYEw1Cib5pNjJDE8pG9I+b1uqaMxNMJ4dOyGnVumRKNG2FJKZ+ntiTGNjRnFoO2OKA7PoTcX/vHaG0VUwFirNkCs2XxRlkmBCpp+TntCcoRxZQpkW9lbCBlRThjafog3BW3x5mTTOK55b8e6r5dptHkcBjuEEzsCDS6jBDdTBBwYCnuEV3hzlvDjvzse8dcXJZ47gD5zPH/iHjiQ=</latexit>

EFT of Inflation



What do we know from data?


Energy2
f2
⇡
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2
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M2
pl

Scale of Cubic-Interactions
Allowed by Planck


(Non-Gaussainity)

⇤ � (5� 10)H (95%)
<latexit sha1_base64="RpkEHi+8P9zqJ71j37sqj+Jl68o=">AAACDnicbVDNS8MwHE3n15xfVY9egmOwgY5WHOptIMgOHia4D1jLSNN0C0vTmqTCKPsLvPivePGgiFfP3vxvzLYedPpC4PHe+5H8nhczKpVlfRm5peWV1bX8emFjc2t7x9zda8soEZi0cMQi0fWQJIxy0lJUMdKNBUGhx0jHG11O/c49EZJG/FaNY+KGaMBpQDFSWuqbJedah30EnQG5g+XasW1VoHMEG9DRB5YvatApVfpm0apaM8C/xM5IEWRo9s1Px49wEhKuMENS9mwrVm6KhKKYkUnBSSSJER6hAelpylFIpJvO1pnAklZ8GERCX67gTP05kaJQynHo6WSI1FAuelPxP6+XqODcTSmPE0U4nj8UJAyqCE67gT4VBCs21gRhQfVfIR4igbDSDRZ0Cfbiyn9J+6RqW1X75rRYv8rqyIMDcAjKwAZnoA4aoAlaAIMH8ARewKvxaDwbb8b7PJozspl98AvGxzeOmJdT</latexit><latexit sha1_base64="RpkEHi+8P9zqJ71j37sqj+Jl68o=">AAACDnicbVDNS8MwHE3n15xfVY9egmOwgY5WHOptIMgOHia4D1jLSNN0C0vTmqTCKPsLvPivePGgiFfP3vxvzLYedPpC4PHe+5H8nhczKpVlfRm5peWV1bX8emFjc2t7x9zda8soEZi0cMQi0fWQJIxy0lJUMdKNBUGhx0jHG11O/c49EZJG/FaNY+KGaMBpQDFSWuqbJedah30EnQG5g+XasW1VoHMEG9DRB5YvatApVfpm0apaM8C/xM5IEWRo9s1Px49wEhKuMENS9mwrVm6KhKKYkUnBSSSJER6hAelpylFIpJvO1pnAklZ8GERCX67gTP05kaJQynHo6WSI1FAuelPxP6+XqODcTSmPE0U4nj8UJAyqCE67gT4VBCs21gRhQfVfIR4igbDSDRZ0Cfbiyn9J+6RqW1X75rRYv8rqyIMDcAjKwAZnoA4aoAlaAIMH8ARewKvxaDwbb8b7PJozspl98AvGxzeOmJdT</latexit><latexit sha1_base64="RpkEHi+8P9zqJ71j37sqj+Jl68o=">AAACDnicbVDNS8MwHE3n15xfVY9egmOwgY5WHOptIMgOHia4D1jLSNN0C0vTmqTCKPsLvPivePGgiFfP3vxvzLYedPpC4PHe+5H8nhczKpVlfRm5peWV1bX8emFjc2t7x9zda8soEZi0cMQi0fWQJIxy0lJUMdKNBUGhx0jHG11O/c49EZJG/FaNY+KGaMBpQDFSWuqbJedah30EnQG5g+XasW1VoHMEG9DRB5YvatApVfpm0apaM8C/xM5IEWRo9s1Px49wEhKuMENS9mwrVm6KhKKYkUnBSSSJER6hAelpylFIpJvO1pnAklZ8GERCX67gTP05kaJQynHo6WSI1FAuelPxP6+XqODcTSmPE0U4nj8UJAyqCE67gT4VBCs21gRhQfVfIR4igbDSDRZ0Cfbiyn9J+6RqW1X75rRYv8rqyIMDcAjKwAZnoA4aoAlaAIMH8ARewKvxaDwbb8b7PJozspl98AvGxzeOmJdT</latexit><latexit sha1_base64="RpkEHi+8P9zqJ71j37sqj+Jl68o=">AAACDnicbVDNS8MwHE3n15xfVY9egmOwgY5WHOptIMgOHia4D1jLSNN0C0vTmqTCKPsLvPivePGgiFfP3vxvzLYedPpC4PHe+5H8nhczKpVlfRm5peWV1bX8emFjc2t7x9zda8soEZi0cMQi0fWQJIxy0lJUMdKNBUGhx0jHG11O/c49EZJG/FaNY+KGaMBpQDFSWuqbJedah30EnQG5g+XasW1VoHMEG9DRB5YvatApVfpm0apaM8C/xM5IEWRo9s1Px49wEhKuMENS9mwrVm6KhKKYkUnBSSSJER6hAelpylFIpJvO1pnAklZ8GERCX67gTP05kaJQynHo6WSI1FAuelPxP6+XqODcTSmPE0U4nj8UJAyqCE67gT4VBCs21gRhQfVfIR4igbDSDRZ0Cfbiyn9J+6RqW1X75rRYv8rqyIMDcAjKwAZnoA4aoAlaAIMH8ARewKvxaDwbb8b7PJozspl98AvGxzeOmJdT</latexit>

Single Field Inflation



H
2

|Ḣ|

M2
pl

Slow-roll inflation predicts:

f2
⇡ = |�̇|

<latexit sha1_base64="X25To4964WTQ68G126QhefsvuGw=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCpJEXQjFN24rGAf0MQwmU7aoZNJmJkIpe3CX3HjQhG3/oY7/8Zpm4W2Hhg4nHMP984JU86Udpxvq7Cyura+UdwsbW3v7O7Z+wdNlWSS0AZJeCLbIVaUM0EbmmlO26mkOA45bYWDm6nfeqRSsUTc62FK/Rj3BIsYwdpIgX0UBV7KHqroCo2R10008tI+Gwd22ak4M6Bl4uakDDnqgf1lwiSLqdCEY6U6rpNqf4SlZoTTScnLFE0xGeAe7RgqcEyVP5rdP0GnRumiKJHmCY1m6u/ECMdKDePQTMZY99WiNxX/8zqZji79ERNppqkg80VRxpFO0LQM1GWSEs2HhmAimbkVkT6WmGhTWcmU4C5+eZk0qxXXqbh35+XadV5HEY7hBM7AhQuowS3UoQEExvAMr/BmPVkv1rv1MR8tWHnmEP7A+vwBWoSVBg==</latexit><latexit sha1_base64="X25To4964WTQ68G126QhefsvuGw=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCpJEXQjFN24rGAf0MQwmU7aoZNJmJkIpe3CX3HjQhG3/oY7/8Zpm4W2Hhg4nHMP984JU86Udpxvq7Cyura+UdwsbW3v7O7Z+wdNlWSS0AZJeCLbIVaUM0EbmmlO26mkOA45bYWDm6nfeqRSsUTc62FK/Rj3BIsYwdpIgX0UBV7KHqroCo2R10008tI+Gwd22ak4M6Bl4uakDDnqgf1lwiSLqdCEY6U6rpNqf4SlZoTTScnLFE0xGeAe7RgqcEyVP5rdP0GnRumiKJHmCY1m6u/ECMdKDePQTMZY99WiNxX/8zqZji79ERNppqkg80VRxpFO0LQM1GWSEs2HhmAimbkVkT6WmGhTWcmU4C5+eZk0qxXXqbh35+XadV5HEY7hBM7AhQuowS3UoQEExvAMr/BmPVkv1rv1MR8tWHnmEP7A+vwBWoSVBg==</latexit><latexit sha1_base64="X25To4964WTQ68G126QhefsvuGw=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCpJEXQjFN24rGAf0MQwmU7aoZNJmJkIpe3CX3HjQhG3/oY7/8Zpm4W2Hhg4nHMP984JU86Udpxvq7Cyura+UdwsbW3v7O7Z+wdNlWSS0AZJeCLbIVaUM0EbmmlO26mkOA45bYWDm6nfeqRSsUTc62FK/Rj3BIsYwdpIgX0UBV7KHqroCo2R10008tI+Gwd22ak4M6Bl4uakDDnqgf1lwiSLqdCEY6U6rpNqf4SlZoTTScnLFE0xGeAe7RgqcEyVP5rdP0GnRumiKJHmCY1m6u/ECMdKDePQTMZY99WiNxX/8zqZji79ERNppqkg80VRxpFO0LQM1GWSEs2HhmAimbkVkT6WmGhTWcmU4C5+eZk0qxXXqbh35+XadV5HEY7hBM7AhQuowS3UoQEExvAMr/BmPVkv1rv1MR8tWHnmEP7A+vwBWoSVBg==</latexit><latexit sha1_base64="X25To4964WTQ68G126QhefsvuGw=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCpJEXQjFN24rGAf0MQwmU7aoZNJmJkIpe3CX3HjQhG3/oY7/8Zpm4W2Hhg4nHMP984JU86Udpxvq7Cyura+UdwsbW3v7O7Z+wdNlWSS0AZJeCLbIVaUM0EbmmlO26mkOA45bYWDm6nfeqRSsUTc62FK/Rj3BIsYwdpIgX0UBV7KHqroCo2R10008tI+Gwd22ak4M6Bl4uakDDnqgf1lwiSLqdCEY6U6rpNqf4SlZoTTScnLFE0xGeAe7RgqcEyVP5rdP0GnRumiKJHmCY1m6u/ECMdKDePQTMZY99WiNxX/8zqZji79ERNppqkg80VRxpFO0LQM1GWSEs2HhmAimbkVkT6WmGhTWcmU4C5+eZk0qxXXqbh35+XadV5HEY7hBM7AhQuowS3UoQEExvAMr/BmPVkv1rv1MR8tWHnmEP7A+vwBWoSVBg==</latexit>

⇤2 � |�̇|
<latexit sha1_base64="/X6J4BJ6j0sGSD9ES4b7jp+2FAQ=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF0GXRjQsXFewDmlgmk0k6dPJg5kYoaXHjr7hxoYhbv8Kdf+O0zUJbDwwczjmXO/d4qeAKLOvbWFpeWV1bL22UN7e2d3bNvf2WSjJJWZMmIpEdjygmeMyawEGwTioZiTzB2t7gauK3H5hUPInvYJgyNyJhzANOCWipZx46Nzrsk/sadsIQjxw/AeykfT7qmRWrak2BF4ldkAoq0OiZX3qYZhGLgQqiVNe2UnBzIoFTwcZlJ1MsJXRAQtbVNCYRU24+PWGMT7Ti4yCR+sWAp+rviZxESg0jTycjAn01703E/7xuBsGFm/M4zYDFdLYoyASGBE/6wD6XjIIYakKo5PqvmPaJJBR0a2Vdgj1/8iJp1aq2VbVvzyr1y6KOEjpCx+gU2egc1dE1aqAmougRPaNX9GY8GS/Gu/Exiy4ZxcwB+gPj8wcT+paU</latexit><latexit sha1_base64="/X6J4BJ6j0sGSD9ES4b7jp+2FAQ=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF0GXRjQsXFewDmlgmk0k6dPJg5kYoaXHjr7hxoYhbv8Kdf+O0zUJbDwwczjmXO/d4qeAKLOvbWFpeWV1bL22UN7e2d3bNvf2WSjJJWZMmIpEdjygmeMyawEGwTioZiTzB2t7gauK3H5hUPInvYJgyNyJhzANOCWipZx46Nzrsk/sadsIQjxw/AeykfT7qmRWrak2BF4ldkAoq0OiZX3qYZhGLgQqiVNe2UnBzIoFTwcZlJ1MsJXRAQtbVNCYRU24+PWGMT7Ti4yCR+sWAp+rviZxESg0jTycjAn01703E/7xuBsGFm/M4zYDFdLYoyASGBE/6wD6XjIIYakKo5PqvmPaJJBR0a2Vdgj1/8iJp1aq2VbVvzyr1y6KOEjpCx+gU2egc1dE1aqAmougRPaNX9GY8GS/Gu/Exiy4ZxcwB+gPj8wcT+paU</latexit><latexit sha1_base64="/X6J4BJ6j0sGSD9ES4b7jp+2FAQ=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF0GXRjQsXFewDmlgmk0k6dPJg5kYoaXHjr7hxoYhbv8Kdf+O0zUJbDwwczjmXO/d4qeAKLOvbWFpeWV1bL22UN7e2d3bNvf2WSjJJWZMmIpEdjygmeMyawEGwTioZiTzB2t7gauK3H5hUPInvYJgyNyJhzANOCWipZx46Nzrsk/sadsIQjxw/AeykfT7qmRWrak2BF4ldkAoq0OiZX3qYZhGLgQqiVNe2UnBzIoFTwcZlJ1MsJXRAQtbVNCYRU24+PWGMT7Ti4yCR+sWAp+rviZxESg0jTycjAn01703E/7xuBsGFm/M4zYDFdLYoyASGBE/6wD6XjIIYakKo5PqvmPaJJBR0a2Vdgj1/8iJp1aq2VbVvzyr1y6KOEjpCx+gU2egc1dE1aqAmougRPaNX9GY8GS/Gu/Exiy4ZxcwB+gPj8wcT+paU</latexit><latexit sha1_base64="/X6J4BJ6j0sGSD9ES4b7jp+2FAQ=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRF0GXRjQsXFewDmlgmk0k6dPJg5kYoaXHjr7hxoYhbv8Kdf+O0zUJbDwwczjmXO/d4qeAKLOvbWFpeWV1bL22UN7e2d3bNvf2WSjJJWZMmIpEdjygmeMyawEGwTioZiTzB2t7gauK3H5hUPInvYJgyNyJhzANOCWipZx46Nzrsk/sadsIQjxw/AeykfT7qmRWrak2BF4ldkAoq0OiZX3qYZhGLgQqiVNe2UnBzIoFTwcZlJ1MsJXRAQtbVNCYRU24+PWGMT7Ti4yCR+sWAp+rviZxESg0jTycjAn01703E/7xuBsGFm/M4zYDFdLYoyASGBE/6wD6XjIIYakKo5PqvmPaJJBR0a2Vdgj1/8iJp1aq2VbVvzyr1y6KOEjpCx+gU2egc1dE1aqAmougRPaNX9GY8GS/Gu/Exiy4ZxcwB+gPj8wcT+paU</latexit>

Slow-roll inflation
Weakly coupled 

scalar


Creminelli (2003)

f eq
NL ⌧ 1

<latexit sha1_base64="3SwCi+NLwI45ZJ0RmGEwKrm22lo=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVJRNBlQRAXIhXsBZoYJtNJO3RmEmcmQgnBja/ixoUibn0Kd76N07QLbf1h4OM/53Dm/GHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2ODwf19sPRCoai1s9SojPUV/QiGKkjRXYe1GQeZLD66v8rgByn0OPMegGdtWpOYXgPLhTqIKpGoH95fVinHIiNGZIqa7rJNrPkNQUM5JXvFSRBOEh6pOuQYE4UX5WnJDDQ+P0YBRL84SGhft7IkNcqREPTSdHeqBma2Pzv1o31dGZn1GRpJoIPFkUpQzqGI7zgD0qCdZsZABhSc1fIR4gibA2qVVMCO7syfPQOq65Ts29OanWL6ZxlME+OABHwAWnoA4uQQM0AQaP4Bm8gjfryXqx3q2PSWvJms7sgj+yPn8AA7GWhw==</latexit><latexit sha1_base64="3SwCi+NLwI45ZJ0RmGEwKrm22lo=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVJRNBlQRAXIhXsBZoYJtNJO3RmEmcmQgnBja/ixoUibn0Kd76N07QLbf1h4OM/53Dm/GHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2ODwf19sPRCoai1s9SojPUV/QiGKkjRXYe1GQeZLD66v8rgByn0OPMegGdtWpOYXgPLhTqIKpGoH95fVinHIiNGZIqa7rJNrPkNQUM5JXvFSRBOEh6pOuQYE4UX5WnJDDQ+P0YBRL84SGhft7IkNcqREPTSdHeqBma2Pzv1o31dGZn1GRpJoIPFkUpQzqGI7zgD0qCdZsZABhSc1fIR4gibA2qVVMCO7syfPQOq65Ts29OanWL6ZxlME+OABHwAWnoA4uQQM0AQaP4Bm8gjfryXqx3q2PSWvJms7sgj+yPn8AA7GWhw==</latexit><latexit sha1_base64="3SwCi+NLwI45ZJ0RmGEwKrm22lo=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVJRNBlQRAXIhXsBZoYJtNJO3RmEmcmQgnBja/ixoUibn0Kd76N07QLbf1h4OM/53Dm/GHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2ODwf19sPRCoai1s9SojPUV/QiGKkjRXYe1GQeZLD66v8rgByn0OPMegGdtWpOYXgPLhTqIKpGoH95fVinHIiNGZIqa7rJNrPkNQUM5JXvFSRBOEh6pOuQYE4UX5WnJDDQ+P0YBRL84SGhft7IkNcqREPTSdHeqBma2Pzv1o31dGZn1GRpJoIPFkUpQzqGI7zgD0qCdZsZABhSc1fIR4gibA2qVVMCO7syfPQOq65Ts29OanWL6ZxlME+OABHwAWnoA4uQQM0AQaP4Bm8gjfryXqx3q2PSWvJms7sgj+yPn8AA7GWhw==</latexit><latexit sha1_base64="3SwCi+NLwI45ZJ0RmGEwKrm22lo=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVJRNBlQRAXIhXsBZoYJtNJO3RmEmcmQgnBja/ixoUibn0Kd76N07QLbf1h4OM/53Dm/GHCqNKO822VFhaXllfKq5W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2ODwf19sPRCoai1s9SojPUV/QiGKkjRXYe1GQeZLD66v8rgByn0OPMegGdtWpOYXgPLhTqIKpGoH95fVinHIiNGZIqa7rJNrPkNQUM5JXvFSRBOEh6pOuQYE4UX5WnJDDQ+P0YBRL84SGhft7IkNcqREPTSdHeqBma2Pzv1o31dGZn1GRpJoIPFkUpQzqGI7zgD0qCdZsZABhSc1fIR4gibA2qVVMCO7syfPQOq65Ts29OanWL6ZxlME+OABHwAWnoA4uQQM0AQaP4Bm8gjfryXqx3q2PSWvJms7sgj+yPn8AA7GWhw==</latexit>

Single Field Inflation

Energy2



What do we know from data?


Energy2
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Scale of Cubic-Interactions
Excludes single-field


slow roll
⇤ � (5� 10)H (95%)

<latexit sha1_base64="RpkEHi+8P9zqJ71j37sqj+Jl68o=">AAACDnicbVDNS8MwHE3n15xfVY9egmOwgY5WHOptIMgOHia4D1jLSNN0C0vTmqTCKPsLvPivePGgiFfP3vxvzLYedPpC4PHe+5H8nhczKpVlfRm5peWV1bX8emFjc2t7x9zda8soEZi0cMQi0fWQJIxy0lJUMdKNBUGhx0jHG11O/c49EZJG/FaNY+KGaMBpQDFSWuqbJedah30EnQG5g+XasW1VoHMEG9DRB5YvatApVfpm0apaM8C/xM5IEWRo9s1Px49wEhKuMENS9mwrVm6KhKKYkUnBSSSJER6hAelpylFIpJvO1pnAklZ8GERCX67gTP05kaJQynHo6WSI1FAuelPxP6+XqODcTSmPE0U4nj8UJAyqCE67gT4VBCs21gRhQfVfIR4igbDSDRZ0Cfbiyn9J+6RqW1X75rRYv8rqyIMDcAjKwAZnoA4aoAlaAIMH8ARewKvxaDwbb8b7PJozspl98AvGxzeOmJdT</latexit><latexit sha1_base64="RpkEHi+8P9zqJ71j37sqj+Jl68o=">AAACDnicbVDNS8MwHE3n15xfVY9egmOwgY5WHOptIMgOHia4D1jLSNN0C0vTmqTCKPsLvPivePGgiFfP3vxvzLYedPpC4PHe+5H8nhczKpVlfRm5peWV1bX8emFjc2t7x9zda8soEZi0cMQi0fWQJIxy0lJUMdKNBUGhx0jHG11O/c49EZJG/FaNY+KGaMBpQDFSWuqbJedah30EnQG5g+XasW1VoHMEG9DRB5YvatApVfpm0apaM8C/xM5IEWRo9s1Px49wEhKuMENS9mwrVm6KhKKYkUnBSSSJER6hAelpylFIpJvO1pnAklZ8GERCX67gTP05kaJQynHo6WSI1FAuelPxP6+XqODcTSmPE0U4nj8UJAyqCE67gT4VBCs21gRhQfVfIR4igbDSDRZ0Cfbiyn9J+6RqW1X75rRYv8rqyIMDcAjKwAZnoA4aoAlaAIMH8ARewKvxaDwbb8b7PJozspl98AvGxzeOmJdT</latexit><latexit sha1_base64="RpkEHi+8P9zqJ71j37sqj+Jl68o=">AAACDnicbVDNS8MwHE3n15xfVY9egmOwgY5WHOptIMgOHia4D1jLSNN0C0vTmqTCKPsLvPivePGgiFfP3vxvzLYedPpC4PHe+5H8nhczKpVlfRm5peWV1bX8emFjc2t7x9zda8soEZi0cMQi0fWQJIxy0lJUMdKNBUGhx0jHG11O/c49EZJG/FaNY+KGaMBpQDFSWuqbJedah30EnQG5g+XasW1VoHMEG9DRB5YvatApVfpm0apaM8C/xM5IEWRo9s1Px49wEhKuMENS9mwrVm6KhKKYkUnBSSSJER6hAelpylFIpJvO1pnAklZ8GERCX67gTP05kaJQynHo6WSI1FAuelPxP6+XqODcTSmPE0U4nj8UJAyqCE67gT4VBCs21gRhQfVfIR4igbDSDRZ0Cfbiyn9J+6RqW1X75rRYv8rqyIMDcAjKwAZnoA4aoAlaAIMH8ARewKvxaDwbb8b7PJozspl98AvGxzeOmJdT</latexit><latexit sha1_base64="RpkEHi+8P9zqJ71j37sqj+Jl68o=">AAACDnicbVDNS8MwHE3n15xfVY9egmOwgY5WHOptIMgOHia4D1jLSNN0C0vTmqTCKPsLvPivePGgiFfP3vxvzLYedPpC4PHe+5H8nhczKpVlfRm5peWV1bX8emFjc2t7x9zda8soEZi0cMQi0fWQJIxy0lJUMdKNBUGhx0jHG11O/c49EZJG/FaNY+KGaMBpQDFSWuqbJedah30EnQG5g+XasW1VoHMEG9DRB5YvatApVfpm0apaM8C/xM5IEWRo9s1Px49wEhKuMENS9mwrVm6KhKKYkUnBSSSJER6hAelpylFIpJvO1pnAklZ8GERCX67gTP05kaJQynHo6WSI1FAuelPxP6+XqODcTSmPE0U4nj8UJAyqCE67gT4VBCs21gRhQfVfIR4igbDSDRZ0Cfbiyn9J+6RqW1X75rRYv8rqyIMDcAjKwAZnoA4aoAlaAIMH8ARewKvxaDwbb8b7PJozspl98AvGxzeOmJdT</latexit>

Energy2
Scale of Cubic-Interactions

Single Field Inflation



Multi-Field Inflation



New states can created up to up 
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Mass of a given particle

m2
<latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="jrqQNzUc2yKWYKcjvrvOtCIpSfw=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVmutGl4MZlRacttGPJpJk2NMkMyR2hDH0ENy4U8a3c+TamPwttPRD4OCch9544k8Ki7397pa3tnd298n7loHp4dFw7qbZtmhvGQ5bK1HRjarkUmocoUPJuZjhVseSdeHI7zzvP3FiR6kecZjxSdKRFIhhFZz2op+agVvcb/kJkE4IV1GGl1qD21R+mLFdcI5PU2l7gZxgV1KBgks8q/dzyjLIJHfGeQ00Vt1GxGHVGLpwzJElq3NFIFu7vFwVV1k5V7G4qimO7ns3N/7Jejsl1VAid5cg1W36U5JJgSuZ7k6EwnKGcOqDMCDcrYWNqKEPXTsWVEKyvvAntZiPwG8G9D2U4g3O4hACu4AbuoAUhMBjBC7zBuye9V+9jWVfJW/V2Cn/kff4A4AGMQA==</latexit><latexit sha1_base64="jrqQNzUc2yKWYKcjvrvOtCIpSfw=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVmutGl4MZlRacttGPJpJk2NMkMyR2hDH0ENy4U8a3c+TamPwttPRD4OCch9544k8Ki7397pa3tnd298n7loHp4dFw7qbZtmhvGQ5bK1HRjarkUmocoUPJuZjhVseSdeHI7zzvP3FiR6kecZjxSdKRFIhhFZz2op+agVvcb/kJkE4IV1GGl1qD21R+mLFdcI5PU2l7gZxgV1KBgks8q/dzyjLIJHfGeQ00Vt1GxGHVGLpwzJElq3NFIFu7vFwVV1k5V7G4qimO7ns3N/7Jejsl1VAid5cg1W36U5JJgSuZ7k6EwnKGcOqDMCDcrYWNqKEPXTsWVEKyvvAntZiPwG8G9D2U4g3O4hACu4AbuoAUhMBjBC7zBuye9V+9jWVfJW/V2Cn/kff4A4AGMQA==</latexit><latexit sha1_base64="Z5i9WvhIpgCkMV3rUloWP5+ELUk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHNByRn2NvsJUt2947dOSGE/AQbC0Vs/UV2/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tF3aKu3v7B4elo+OmTTLDeIMlMjHtiFouheYNFCh5OzWcqkjyVjS6mfmtJ26sSPQDjlMeKjrQIhaMopPu1WO1Vyr7FX8OskqCnJQhR71X+ur2E5YprpFJam0n8FMMJ9SgYJJPi93M8pSyER3wjqOaKm7DyfzUKTl3Sp/EiXGlkczV3xMTqqwdq8h1KopDu+zNxP+8TobxVTgROs2Qa7ZYFGeSYEJmf5O+MJyhHDtCmRHuVsKG1FCGLp2iCyFYfnmVNKuVwK8Ed365dp3HUYBTOIMLCOASanALdWgAgwE8wyu8edJ78d69j0XrmpfPnMAfeJ8/+Z6NkQ==</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit>

m2
<latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="jrqQNzUc2yKWYKcjvrvOtCIpSfw=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVmutGl4MZlRacttGPJpJk2NMkMyR2hDH0ENy4U8a3c+TamPwttPRD4OCch9544k8Ki7397pa3tnd298n7loHp4dFw7qbZtmhvGQ5bK1HRjarkUmocoUPJuZjhVseSdeHI7zzvP3FiR6kecZjxSdKRFIhhFZz2op+agVvcb/kJkE4IV1GGl1qD21R+mLFdcI5PU2l7gZxgV1KBgks8q/dzyjLIJHfGeQ00Vt1GxGHVGLpwzJElq3NFIFu7vFwVV1k5V7G4qimO7ns3N/7Jejsl1VAid5cg1W36U5JJgSuZ7k6EwnKGcOqDMCDcrYWNqKEPXTsWVEKyvvAntZiPwG8G9D2U4g3O4hACu4AbuoAUhMBjBC7zBuye9V+9jWVfJW/V2Cn/kff4A4AGMQA==</latexit><latexit sha1_base64="jrqQNzUc2yKWYKcjvrvOtCIpSfw=">AAAB33icbZDNSgMxFIXv1L9aq1a3boJFcFVmutGl4MZlRacttGPJpJk2NMkMyR2hDH0ENy4U8a3c+TamPwttPRD4OCch9544k8Ki7397pa3tnd298n7loHp4dFw7qbZtmhvGQ5bK1HRjarkUmocoUPJuZjhVseSdeHI7zzvP3FiR6kecZjxSdKRFIhhFZz2op+agVvcb/kJkE4IV1GGl1qD21R+mLFdcI5PU2l7gZxgV1KBgks8q/dzyjLIJHfGeQ00Vt1GxGHVGLpwzJElq3NFIFu7vFwVV1k5V7G4qimO7ns3N/7Jejsl1VAid5cg1W36U5JJgSuZ7k6EwnKGcOqDMCDcrYWNqKEPXTsWVEKyvvAntZiPwG8G9D2U4g3O4hACu4AbuoAUhMBjBC7zBuye9V+9jWVfJW/V2Cn/kff4A4AGMQA==</latexit><latexit sha1_base64="Z5i9WvhIpgCkMV3rUloWP5+ELUk=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYM2lhHNByRn2NvsJUt2947dOSGE/AQbC0Vs/UV2/hs3yRWa+GDg8d4MM/OiVAqLvv/tra1vbG5tF3aKu3v7B4elo+OmTTLDeIMlMjHtiFouheYNFCh5OzWcqkjyVjS6mfmtJ26sSPQDjlMeKjrQIhaMopPu1WO1Vyr7FX8OskqCnJQhR71X+ur2E5YprpFJam0n8FMMJ9SgYJJPi93M8pSyER3wjqOaKm7DyfzUKTl3Sp/EiXGlkczV3xMTqqwdq8h1KopDu+zNxP+8TobxVTgROs2Qa7ZYFGeSYEJmf5O+MJyhHDtCmRHuVsKG1FCGLp2iCyFYfnmVNKuVwK8Ed365dp3HUYBTOIMLCOASanALdWgAgwE8wyu8edJ78d69j0XrmpfPnMAfeJ8/+Z6NkQ==</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit><latexit sha1_base64="36daqfQbvlNMVqL37QxZ2Jp+CPU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY9BLx4jmgcka5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWyfdi8dav1zxq/4caJUEOalAjka//NUbKJIKKi3h2Jhu4Cc2zLC2jHA6LfVSQxNMxnhIu45KLKgJs/mpU3TmlAGKlXYlLZqrvycyLIyZiMh1CmxHZtmbif953dTGV2HGZJJaKsliUZxyZBWa/Y0GTFNi+cQRTDRztyIywhoT69IpuRCC5ZdXSatWDfxqcHdRqV/ncRThBE7hHAK4hDrcQgOaQGAIz/AKbx73Xrx372PRWvDymWP4A+/zB/rejZU=</latexit>

E & f⇡
<latexit sha1_base64="ms/zl9RcsuqOilpNRLkOSJf9GRw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh4LonisYD+gCWGz3bRLdzdhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngBjzv2ymtrW9sbpW3Kzu7e/tV9+CwbdJcU9aiqUh1NyaGCa5YCzgI1s00IzIWrBOPrmd+55Fpw1P1AOOMhZIMFE84JWClyK3e4GAA1pc4iYKMR27Nq3tz4FXiF6SGCjQj9yvopzSXTAEVxJie72UQTogGTgWbVoLcsIzQERmwnqWKSGbCyfzwKT61Sh8nqbalAM/V3xMTIo0Zy9h2SgJDs+zNxP+8Xg7JVTjhKsuBKbpYlOQCQ4pnKeA+14yCGFtCqOb2VkyHRBMKNquKDcFffnmVtM/rvlf37y9qjdsijjI6RifoDPnoEjXQHWqiFqIoR8/oFb05T86L8+58LFpLTjFzhP7A+fwBEoiStg==</latexit><latexit sha1_base64="ms/zl9RcsuqOilpNRLkOSJf9GRw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh4LonisYD+gCWGz3bRLdzdhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngBjzv2ymtrW9sbpW3Kzu7e/tV9+CwbdJcU9aiqUh1NyaGCa5YCzgI1s00IzIWrBOPrmd+55Fpw1P1AOOMhZIMFE84JWClyK3e4GAA1pc4iYKMR27Nq3tz4FXiF6SGCjQj9yvopzSXTAEVxJie72UQTogGTgWbVoLcsIzQERmwnqWKSGbCyfzwKT61Sh8nqbalAM/V3xMTIo0Zy9h2SgJDs+zNxP+8Xg7JVTjhKsuBKbpYlOQCQ4pnKeA+14yCGFtCqOb2VkyHRBMKNquKDcFffnmVtM/rvlf37y9qjdsijjI6RifoDPnoEjXQHWqiFqIoR8/oFb05T86L8+58LFpLTjFzhP7A+fwBEoiStg==</latexit><latexit sha1_base64="ms/zl9RcsuqOilpNRLkOSJf9GRw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh4LonisYD+gCWGz3bRLdzdhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngBjzv2ymtrW9sbpW3Kzu7e/tV9+CwbdJcU9aiqUh1NyaGCa5YCzgI1s00IzIWrBOPrmd+55Fpw1P1AOOMhZIMFE84JWClyK3e4GAA1pc4iYKMR27Nq3tz4FXiF6SGCjQj9yvopzSXTAEVxJie72UQTogGTgWbVoLcsIzQERmwnqWKSGbCyfzwKT61Sh8nqbalAM/V3xMTIo0Zy9h2SgJDs+zNxP+8Xg7JVTjhKsuBKbpYlOQCQ4pnKeA+14yCGFtCqOb2VkyHRBMKNquKDcFffnmVtM/rvlf37y9qjdsijjI6RifoDPnoEjXQHWqiFqIoR8/oFb05T86L8+58LFpLTjFzhP7A+fwBEoiStg==</latexit><latexit sha1_base64="ms/zl9RcsuqOilpNRLkOSJf9GRw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh4LonisYD+gCWGz3bRLdzdhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngBjzv2ymtrW9sbpW3Kzu7e/tV9+CwbdJcU9aiqUh1NyaGCa5YCzgI1s00IzIWrBOPrmd+55Fpw1P1AOOMhZIMFE84JWClyK3e4GAA1pc4iYKMR27Nq3tz4FXiF6SGCjQj9yvopzSXTAEVxJie72UQTogGTgWbVoLcsIzQERmwnqWKSGbCyfzwKT61Sh8nqbalAM/V3xMTIo0Zy9h2SgJDs+zNxP+8Xg7JVTjhKsuBKbpYlOQCQ4pnKeA+14yCGFtCqOb2VkyHRBMKNquKDcFffnmVtM/rvlf37y9qjdsijjI6RifoDPnoEjXQHWqiFqIoR8/oFb05T86L8+58LFpLTjFzhP7A+fwBEoiStg==</latexit>

Quasi-Single Field Inflation



We can couple the inflation to other fields 


Extra fields not constrained by (nonlinear) symmetries


E.g. quasi-single field 


Extra field is very non-Gaussian when


Same operator is not allowed for goldstone

L � F1(t+ ⇡)O1 + F2(t+ ⇡)⇡̇O2 + . . .
<latexit sha1_base64="lztFavdUGB/tQiELQzN5RQze0x0="></latexit><latexit sha1_base64="lztFavdUGB/tQiELQzN5RQze0x0="></latexit><latexit sha1_base64="lztFavdUGB/tQiELQzN5RQze0x0="></latexit><latexit sha1_base64="lztFavdUGB/tQiELQzN5RQze0x0="></latexit>

L � ⇡̇� + µ�3
<latexit sha1_base64="gJV1q3FukceUraJ/0OcswHjVAV0=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhDqjgi4LgrhwUcE+oDOWTJppQ5OZkIdQhn6GG3/FjQtF3Hbn35i2s9DWAwkn59yb5J5IMKq05307haXlldW14nppY3Nre8fd3Wuo1EhM6jhlqWxFSBFGE1LXVDPSEpIgHjHSjAbXE7/5RKSiafKgh4KEHPUSGlOMtJU67mkWYMTg3QgGyghFNAy6qd0EtQLtcQRPYMBNfng877hlr+JNAReJn5MyyFHruGN7ITacJBozpFTb94QOMyQ1xYyMSoFRRCA8QD3StjRBnKgwmw42gkdW6cI4lXYlGk7V3x0Z4koNeWQrOdJ9Ne9NxP+8ttHxVZjRRBhNEjx7KDYM6hROUoJdKgnWbGgJwpLav0LcRxJhbbMs2RD8+ZEXSeOs4nsV//6iXL3J4yiCA3AIjoEPLkEV3IIaqAMMnsEreAcfzovz5nw6X7PSgpP37IM/cMY/1oWfAQ==</latexit><latexit sha1_base64="gJV1q3FukceUraJ/0OcswHjVAV0=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhDqjgi4LgrhwUcE+oDOWTJppQ5OZkIdQhn6GG3/FjQtF3Hbn35i2s9DWAwkn59yb5J5IMKq05307haXlldW14nppY3Nre8fd3Wuo1EhM6jhlqWxFSBFGE1LXVDPSEpIgHjHSjAbXE7/5RKSiafKgh4KEHPUSGlOMtJU67mkWYMTg3QgGyghFNAy6qd0EtQLtcQRPYMBNfng877hlr+JNAReJn5MyyFHruGN7ITacJBozpFTb94QOMyQ1xYyMSoFRRCA8QD3StjRBnKgwmw42gkdW6cI4lXYlGk7V3x0Z4koNeWQrOdJ9Ne9NxP+8ttHxVZjRRBhNEjx7KDYM6hROUoJdKgnWbGgJwpLav0LcRxJhbbMs2RD8+ZEXSeOs4nsV//6iXL3J4yiCA3AIjoEPLkEV3IIaqAMMnsEreAcfzovz5nw6X7PSgpP37IM/cMY/1oWfAQ==</latexit><latexit sha1_base64="gJV1q3FukceUraJ/0OcswHjVAV0=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhDqjgi4LgrhwUcE+oDOWTJppQ5OZkIdQhn6GG3/FjQtF3Hbn35i2s9DWAwkn59yb5J5IMKq05307haXlldW14nppY3Nre8fd3Wuo1EhM6jhlqWxFSBFGE1LXVDPSEpIgHjHSjAbXE7/5RKSiafKgh4KEHPUSGlOMtJU67mkWYMTg3QgGyghFNAy6qd0EtQLtcQRPYMBNfng877hlr+JNAReJn5MyyFHruGN7ITacJBozpFTb94QOMyQ1xYyMSoFRRCA8QD3StjRBnKgwmw42gkdW6cI4lXYlGk7V3x0Z4koNeWQrOdJ9Ne9NxP+8ttHxVZjRRBhNEjx7KDYM6hROUoJdKgnWbGgJwpLav0LcRxJhbbMs2RD8+ZEXSeOs4nsV//6iXL3J4yiCA3AIjoEPLkEV3IIaqAMMnsEreAcfzovz5nw6X7PSgpP37IM/cMY/1oWfAQ==</latexit><latexit sha1_base64="gJV1q3FukceUraJ/0OcswHjVAV0=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhDqjgi4LgrhwUcE+oDOWTJppQ5OZkIdQhn6GG3/FjQtF3Hbn35i2s9DWAwkn59yb5J5IMKq05307haXlldW14nppY3Nre8fd3Wuo1EhM6jhlqWxFSBFGE1LXVDPSEpIgHjHSjAbXE7/5RKSiafKgh4KEHPUSGlOMtJU67mkWYMTg3QgGyghFNAy6qd0EtQLtcQRPYMBNfng877hlr+JNAReJn5MyyFHruGN7ITacJBozpFTb94QOMyQ1xYyMSoFRRCA8QD3StjRBnKgwmw42gkdW6cI4lXYlGk7V3x0Z4koNeWQrOdJ9Ne9NxP+8ttHxVZjRRBhNEjx7KDYM6hROUoJdKgnWbGgJwpLav0LcRxJhbbMs2RD8+ZEXSeOs4nsV//6iXL3J4yiCA3AIjoEPLkEV3IIaqAMMnsEreAcfzovz5nw6X7PSgpP37IM/cMY/1oWfAQ==</latexit>

µ ⇠ H
<latexit sha1_base64="4vhZ5QugDX1d9TtclZHJRY9XELw=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQJMcI5oHZJcxOZpMhM7PLPISw5C+8eFDEq3/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpMRQWhZoJ1OhXqn7NnwOtkqAgVSjQ7Fe+wkFKrKDSEI617gV+ZqIcK8MIp9NyaDXNMBnjIe05KrGgOsrnF0/RuVMGKEmVK2nQXP09kWOh9UTErlNgM9LL3kz8z+tZk9xEOZOZNVSSxaLEcmRSNHsfDZiixPCJI5go5m5FZIQVJsaFVHYhBMsvr5L2ZS3wa8H9VbV+V8RRglM4gwsI4Brq0IAmtICAhGd4hTdPey/eu/exaF3zipkT+APv8we8w5BN</latexit><latexit sha1_base64="4vhZ5QugDX1d9TtclZHJRY9XELw=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQJMcI5oHZJcxOZpMhM7PLPISw5C+8eFDEq3/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpMRQWhZoJ1OhXqn7NnwOtkqAgVSjQ7Fe+wkFKrKDSEI617gV+ZqIcK8MIp9NyaDXNMBnjIe05KrGgOsrnF0/RuVMGKEmVK2nQXP09kWOh9UTErlNgM9LL3kz8z+tZk9xEOZOZNVSSxaLEcmRSNHsfDZiixPCJI5go5m5FZIQVJsaFVHYhBMsvr5L2ZS3wa8H9VbV+V8RRglM4gwsI4Brq0IAmtICAhGd4hTdPey/eu/exaF3zipkT+APv8we8w5BN</latexit><latexit sha1_base64="4vhZ5QugDX1d9TtclZHJRY9XELw=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQJMcI5oHZJcxOZpMhM7PLPISw5C+8eFDEq3/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpMRQWhZoJ1OhXqn7NnwOtkqAgVSjQ7Fe+wkFKrKDSEI617gV+ZqIcK8MIp9NyaDXNMBnjIe05KrGgOsrnF0/RuVMGKEmVK2nQXP09kWOh9UTErlNgM9LL3kz8z+tZk9xEOZOZNVSSxaLEcmRSNHsfDZiixPCJI5go5m5FZIQVJsaFVHYhBMsvr5L2ZS3wa8H9VbV+V8RRglM4gwsI4Brq0IAmtICAhGd4hTdPey/eu/exaF3zipkT+APv8we8w5BN</latexit><latexit sha1_base64="4vhZ5QugDX1d9TtclZHJRY9XELw=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQJMcI5oHZJcxOZpMhM7PLPISw5C+8eFDEq3/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpMRQWhZoJ1OhXqn7NnwOtkqAgVSjQ7Fe+wkFKrKDSEI617gV+ZqIcK8MIp9NyaDXNMBnjIe05KrGgOsrnF0/RuVMGKEmVK2nQXP09kWOh9UTErlNgM9LL3kz8z+tZk9xEOZOZNVSSxaLEcmRSNHsfDZiixPCJI5go5m5FZIQVJsaFVHYhBMsvr5L2ZS3wa8H9VbV+V8RRglM4gwsI4Brq0IAmtICAhGd4hTdPey/eu/exaF3zipkT+APv8we8w5BN</latexit>

Chen & Wang (2009)

Quasi-Single Field Inflation



Additional (massive) fields and interact during inflation


E.g.

Chen & Wang (2009)

Arkani-Hamed et al. (2018)

Quasi-Single Field Inflation



Additional light fields can be important after inflation


Conservation is local but nonlinear


non-Gaussianity may also be generated during inflation


Will be nearly dS invariance unless coupled to inflation

⇣(~x) = ⇣inflation(~x) +
X

n

�n(~x)
<latexit sha1_base64="JrHbT/R0/6eXkGaXL1WntPNM0aw="></latexit><latexit sha1_base64="JrHbT/R0/6eXkGaXL1WntPNM0aw="></latexit><latexit sha1_base64="JrHbT/R0/6eXkGaXL1WntPNM0aw="></latexit><latexit sha1_base64="JrHbT/R0/6eXkGaXL1WntPNM0aw="></latexit>

h�(~k1)..�(~kn)i 6= 0
<latexit sha1_base64="jJpOp38FQMlLJtJqYmDsX4zaXBU=">AAACJXicbVDLSsNAFJ34rPUVdelmsAjtJiQi6MJFQRCXFewDmlAm09t26GQSZyaFEvozbvwVNy4sIrjyV5y2WWjrgYHDOedy554w4Uxp1/2y1tY3Nre2CzvF3b39g0P76Lih4lRSqNOYx7IVEgWcCahrpjm0EgkkCjk0w+HtzG+OQCoWi0c9TiCISF+wHqNEG6lj3/iciD4H7CvWj0jZHwHFw45XwY6zpAlcwb7M0wKesNuxS67jzoFXiZeTEspR69hTvxvTNAKhKSdKtT030UFGpGaUw6TopwoSQoekD21DBYlABdn8ygk+N0oX92JpntB4rv6eyEik1DgKTTIieqCWvZn4n9dOde86yJhIUg2CLhb1Uo51jGeV4S6TQDUfG0KoZOavmA6IJFSbYoumBG/55FXSuHA81/EeLkvVu7yOAjpFZ6iMPHSFquge1VAdUfSMXtE7mlov1pv1YX0uomtWPnOC/sD6/gGiM6La</latexit><latexit sha1_base64="jJpOp38FQMlLJtJqYmDsX4zaXBU=">AAACJXicbVDLSsNAFJ34rPUVdelmsAjtJiQi6MJFQRCXFewDmlAm09t26GQSZyaFEvozbvwVNy4sIrjyV5y2WWjrgYHDOedy554w4Uxp1/2y1tY3Nre2CzvF3b39g0P76Lih4lRSqNOYx7IVEgWcCahrpjm0EgkkCjk0w+HtzG+OQCoWi0c9TiCISF+wHqNEG6lj3/iciD4H7CvWj0jZHwHFw45XwY6zpAlcwb7M0wKesNuxS67jzoFXiZeTEspR69hTvxvTNAKhKSdKtT030UFGpGaUw6TopwoSQoekD21DBYlABdn8ygk+N0oX92JpntB4rv6eyEik1DgKTTIieqCWvZn4n9dOde86yJhIUg2CLhb1Uo51jGeV4S6TQDUfG0KoZOavmA6IJFSbYoumBG/55FXSuHA81/EeLkvVu7yOAjpFZ6iMPHSFquge1VAdUfSMXtE7mlov1pv1YX0uomtWPnOC/sD6/gGiM6La</latexit><latexit sha1_base64="jJpOp38FQMlLJtJqYmDsX4zaXBU=">AAACJXicbVDLSsNAFJ34rPUVdelmsAjtJiQi6MJFQRCXFewDmlAm09t26GQSZyaFEvozbvwVNy4sIrjyV5y2WWjrgYHDOedy554w4Uxp1/2y1tY3Nre2CzvF3b39g0P76Lih4lRSqNOYx7IVEgWcCahrpjm0EgkkCjk0w+HtzG+OQCoWi0c9TiCISF+wHqNEG6lj3/iciD4H7CvWj0jZHwHFw45XwY6zpAlcwb7M0wKesNuxS67jzoFXiZeTEspR69hTvxvTNAKhKSdKtT030UFGpGaUw6TopwoSQoekD21DBYlABdn8ygk+N0oX92JpntB4rv6eyEik1DgKTTIieqCWvZn4n9dOde86yJhIUg2CLhb1Uo51jGeV4S6TQDUfG0KoZOavmA6IJFSbYoumBG/55FXSuHA81/EeLkvVu7yOAjpFZ6iMPHSFquge1VAdUfSMXtE7mlov1pv1YX0uomtWPnOC/sD6/gGiM6La</latexit><latexit sha1_base64="jJpOp38FQMlLJtJqYmDsX4zaXBU=">AAACJXicbVDLSsNAFJ34rPUVdelmsAjtJiQi6MJFQRCXFewDmlAm09t26GQSZyaFEvozbvwVNy4sIrjyV5y2WWjrgYHDOedy554w4Uxp1/2y1tY3Nre2CzvF3b39g0P76Lih4lRSqNOYx7IVEgWcCahrpjm0EgkkCjk0w+HtzG+OQCoWi0c9TiCISF+wHqNEG6lj3/iciD4H7CvWj0jZHwHFw45XwY6zpAlcwb7M0wKesNuxS67jzoFXiZeTEspR69hTvxvTNAKhKSdKtT030UFGpGaUw6TopwoSQoekD21DBYlABdn8ygk+N0oX92JpntB4rv6eyEik1DgKTTIieqCWvZn4n9dOde86yJhIUg2CLhb1Uo51jGeV4S6TQDUfG0KoZOavmA6IJFSbYoumBG/55FXSuHA81/EeLkvVu7yOAjpFZ6iMPHSFquge1VAdUfSMXtE7mlov1pv1YX0uomtWPnOC/sD6/gGiM6La</latexit>

Multi -Field Inflation



Multiple massless fields usually give local NG


Without fine tuning, multi-field usually gives

⇣ = �(~x) + f local
NL �2(~x)

<latexit sha1_base64="VjR9mfPpRN4zTDCklnRST9Z0/ws=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1ARyowIuhEKgrgQUbC20GnLnfRODSYzQ5IR69DfceOvuFFQ1K0/YvpAfB0IHM45l5t7gkRwbVz3zRkbn5icmp6Zzc3NLywu5ZdXLnScKoYVFotY1QLQKHiEFcONwFqiEGQgsBpcHfT96jUqzePo3HQTbEjoRDzkDIyVWvmyf4sG9qmveUdC0b9GRm82Kd2iYSvzlaQnx73mgIiYgegNc83tr2QrX3BL7gD0L/FGpEBGOG3ln/x2zFKJkWECtK57bmIaGSjDmcBezk81JsCuoIN1SyOQqBvZ4NIe3bBKm4axsi8ydKB+n8hAat2VgU1KMJf6t9cX//PqqQn3GhmPktRgxIaLwlRQE9N+bbTNFTIjupYAU9z+lbJLUMCMLTdnS/B+n/yXXGyXPLfkne0UyoejOmbIGlknReKRXVImR+SUVAgjd+SBPJMX5955dF6d92F0zBnNrJIfcD4+AdW3pSU=</latexit><latexit sha1_base64="VjR9mfPpRN4zTDCklnRST9Z0/ws=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1ARyowIuhEKgrgQUbC20GnLnfRODSYzQ5IR69DfceOvuFFQ1K0/YvpAfB0IHM45l5t7gkRwbVz3zRkbn5icmp6Zzc3NLywu5ZdXLnScKoYVFotY1QLQKHiEFcONwFqiEGQgsBpcHfT96jUqzePo3HQTbEjoRDzkDIyVWvmyf4sG9qmveUdC0b9GRm82Kd2iYSvzlaQnx73mgIiYgegNc83tr2QrX3BL7gD0L/FGpEBGOG3ln/x2zFKJkWECtK57bmIaGSjDmcBezk81JsCuoIN1SyOQqBvZ4NIe3bBKm4axsi8ydKB+n8hAat2VgU1KMJf6t9cX//PqqQn3GhmPktRgxIaLwlRQE9N+bbTNFTIjupYAU9z+lbJLUMCMLTdnS/B+n/yXXGyXPLfkne0UyoejOmbIGlknReKRXVImR+SUVAgjd+SBPJMX5955dF6d92F0zBnNrJIfcD4+AdW3pSU=</latexit><latexit sha1_base64="VjR9mfPpRN4zTDCklnRST9Z0/ws=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1ARyowIuhEKgrgQUbC20GnLnfRODSYzQ5IR69DfceOvuFFQ1K0/YvpAfB0IHM45l5t7gkRwbVz3zRkbn5icmp6Zzc3NLywu5ZdXLnScKoYVFotY1QLQKHiEFcONwFqiEGQgsBpcHfT96jUqzePo3HQTbEjoRDzkDIyVWvmyf4sG9qmveUdC0b9GRm82Kd2iYSvzlaQnx73mgIiYgegNc83tr2QrX3BL7gD0L/FGpEBGOG3ln/x2zFKJkWECtK57bmIaGSjDmcBezk81JsCuoIN1SyOQqBvZ4NIe3bBKm4axsi8ydKB+n8hAat2VgU1KMJf6t9cX//PqqQn3GhmPktRgxIaLwlRQE9N+bbTNFTIjupYAU9z+lbJLUMCMLTdnS/B+n/yXXGyXPLfkne0UyoejOmbIGlknReKRXVImR+SUVAgjd+SBPJMX5955dF6d92F0zBnNrJIfcD4+AdW3pSU=</latexit><latexit sha1_base64="VjR9mfPpRN4zTDCklnRST9Z0/ws=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1ARyowIuhEKgrgQUbC20GnLnfRODSYzQ5IR69DfceOvuFFQ1K0/YvpAfB0IHM45l5t7gkRwbVz3zRkbn5icmp6Zzc3NLywu5ZdXLnScKoYVFotY1QLQKHiEFcONwFqiEGQgsBpcHfT96jUqzePo3HQTbEjoRDzkDIyVWvmyf4sG9qmveUdC0b9GRm82Kd2iYSvzlaQnx73mgIiYgegNc83tr2QrX3BL7gD0L/FGpEBGOG3ln/x2zFKJkWECtK57bmIaGSjDmcBezk81JsCuoIN1SyOQqBvZ4NIe3bBKm4axsi8ydKB+n8hAat2VgU1KMJf6t9cX//PqqQn3GhmPktRgxIaLwlRQE9N+bbTNFTIjupYAU9z+lbJLUMCMLTdnS/B+n/yXXGyXPLfkne0UyoejOmbIGlknReKRXVImR+SUVAgjd+SBPJMX5955dF6d92F0zBnNrJIfcD4+AdW3pSU=</latexit>

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>

f local
NL & 1

<latexit sha1_base64="0+9YHkzdbWK3NBetyI9K9lJ6kjc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFkQxIVIBfuAJobJdNIOncmEmYlQQrZu/BU3LhRx6x+482+cpllo64GBwzn3cOeeMGFUacf5tipLyyura9X12sbm1vaOvbvXUSKVmLSxYEL2QqQIozFpa6oZ6SWSIB4y0g3HF1O/+0CkoiK+05OE+BwNYxpRjLSRAhtGQeZJDm+u8/uCMIERy6E31CbEoRvYdafhFICLxC1JHZRoBfaXNxA45STWmCGl+q6TaD9DUlPMSF7zUkUShMdoSPqGxogT5WfFJTk8MsoARkKaF2tYqL8TGeJKTXhoJjnSIzXvTcX/vH6qo3M/o3GSahLj2aIoZVALOK0FDqgkWLOJIQhLav4K8QhJhLUpr2ZKcOdPXiSdk4brNNzb03rzsqyjCg7AITgGLjgDTXAFWqANMHgEz+AVvFlP1ov1bn3MRitWmdkHf2B9/gDL65nA</latexit><latexit sha1_base64="0+9YHkzdbWK3NBetyI9K9lJ6kjc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFkQxIVIBfuAJobJdNIOncmEmYlQQrZu/BU3LhRx6x+482+cpllo64GBwzn3cOeeMGFUacf5tipLyyura9X12sbm1vaOvbvXUSKVmLSxYEL2QqQIozFpa6oZ6SWSIB4y0g3HF1O/+0CkoiK+05OE+BwNYxpRjLSRAhtGQeZJDm+u8/uCMIERy6E31CbEoRvYdafhFICLxC1JHZRoBfaXNxA45STWmCGl+q6TaD9DUlPMSF7zUkUShMdoSPqGxogT5WfFJTk8MsoARkKaF2tYqL8TGeJKTXhoJjnSIzXvTcX/vH6qo3M/o3GSahLj2aIoZVALOK0FDqgkWLOJIQhLav4K8QhJhLUpr2ZKcOdPXiSdk4brNNzb03rzsqyjCg7AITgGLjgDTXAFWqANMHgEz+AVvFlP1ov1bn3MRitWmdkHf2B9/gDL65nA</latexit><latexit sha1_base64="0+9YHkzdbWK3NBetyI9K9lJ6kjc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFkQxIVIBfuAJobJdNIOncmEmYlQQrZu/BU3LhRx6x+482+cpllo64GBwzn3cOeeMGFUacf5tipLyyura9X12sbm1vaOvbvXUSKVmLSxYEL2QqQIozFpa6oZ6SWSIB4y0g3HF1O/+0CkoiK+05OE+BwNYxpRjLSRAhtGQeZJDm+u8/uCMIERy6E31CbEoRvYdafhFICLxC1JHZRoBfaXNxA45STWmCGl+q6TaD9DUlPMSF7zUkUShMdoSPqGxogT5WfFJTk8MsoARkKaF2tYqL8TGeJKTXhoJjnSIzXvTcX/vH6qo3M/o3GSahLj2aIoZVALOK0FDqgkWLOJIQhLav4K8QhJhLUpr2ZKcOdPXiSdk4brNNzb03rzsqyjCg7AITgGLjgDTXAFWqANMHgEz+AVvFlP1ov1bn3MRitWmdkHf2B9/gDL65nA</latexit><latexit sha1_base64="0+9YHkzdbWK3NBetyI9K9lJ6kjc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFkQxIVIBfuAJobJdNIOncmEmYlQQrZu/BU3LhRx6x+482+cpllo64GBwzn3cOeeMGFUacf5tipLyyura9X12sbm1vaOvbvXUSKVmLSxYEL2QqQIozFpa6oZ6SWSIB4y0g3HF1O/+0CkoiK+05OE+BwNYxpRjLSRAhtGQeZJDm+u8/uCMIERy6E31CbEoRvYdafhFICLxC1JHZRoBfaXNxA45STWmCGl+q6TaD9DUlPMSF7zUkUShMdoSPqGxogT5WfFJTk8MsoARkKaF2tYqL8TGeJKTXhoJjnSIzXvTcX/vH6qo3M/o3GSahLj2aIoZVALOK0FDqgkWLOJIQhLav4K8QhJhLUpr2ZKcOdPXiSdk4brNNzb03rzsqyjCg7AITgGLjgDTXAFWqANMHgEz+AVvFlP1ov1bn3MRitWmdkHf2B9/gDL65nA</latexit>

Multi -Field Inflation



New states can created up to up 
E & f⇡
<latexit sha1_base64="ms/zl9RcsuqOilpNRLkOSJf9GRw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh4LonisYD+gCWGz3bRLdzdhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngBjzv2ymtrW9sbpW3Kzu7e/tV9+CwbdJcU9aiqUh1NyaGCa5YCzgI1s00IzIWrBOPrmd+55Fpw1P1AOOMhZIMFE84JWClyK3e4GAA1pc4iYKMR27Nq3tz4FXiF6SGCjQj9yvopzSXTAEVxJie72UQTogGTgWbVoLcsIzQERmwnqWKSGbCyfzwKT61Sh8nqbalAM/V3xMTIo0Zy9h2SgJDs+zNxP+8Xg7JVTjhKsuBKbpYlOQCQ4pnKeA+14yCGFtCqOb2VkyHRBMKNquKDcFffnmVtM/rvlf37y9qjdsijjI6RifoDPnoEjXQHWqiFqIoR8/oFb05T86L8+58LFpLTjFzhP7A+fwBEoiStg==</latexit><latexit sha1_base64="ms/zl9RcsuqOilpNRLkOSJf9GRw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh4LonisYD+gCWGz3bRLdzdhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngBjzv2ymtrW9sbpW3Kzu7e/tV9+CwbdJcU9aiqUh1NyaGCa5YCzgI1s00IzIWrBOPrmd+55Fpw1P1AOOMhZIMFE84JWClyK3e4GAA1pc4iYKMR27Nq3tz4FXiF6SGCjQj9yvopzSXTAEVxJie72UQTogGTgWbVoLcsIzQERmwnqWKSGbCyfzwKT61Sh8nqbalAM/V3xMTIo0Zy9h2SgJDs+zNxP+8Xg7JVTjhKsuBKbpYlOQCQ4pnKeA+14yCGFtCqOb2VkyHRBMKNquKDcFffnmVtM/rvlf37y9qjdsijjI6RifoDPnoEjXQHWqiFqIoR8/oFb05T86L8+58LFpLTjFzhP7A+fwBEoiStg==</latexit><latexit sha1_base64="ms/zl9RcsuqOilpNRLkOSJf9GRw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh4LonisYD+gCWGz3bRLdzdhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngBjzv2ymtrW9sbpW3Kzu7e/tV9+CwbdJcU9aiqUh1NyaGCa5YCzgI1s00IzIWrBOPrmd+55Fpw1P1AOOMhZIMFE84JWClyK3e4GAA1pc4iYKMR27Nq3tz4FXiF6SGCjQj9yvopzSXTAEVxJie72UQTogGTgWbVoLcsIzQERmwnqWKSGbCyfzwKT61Sh8nqbalAM/V3xMTIo0Zy9h2SgJDs+zNxP+8Xg7JVTjhKsuBKbpYlOQCQ4pnKeA+14yCGFtCqOb2VkyHRBMKNquKDcFffnmVtM/rvlf37y9qjdsijjI6RifoDPnoEjXQHWqiFqIoR8/oFb05T86L8+58LFpLTjFzhP7A+fwBEoiStg==</latexit><latexit sha1_base64="ms/zl9RcsuqOilpNRLkOSJf9GRw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh4LonisYD+gCWGz3bRLdzdhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmxZngBjzv2ymtrW9sbpW3Kzu7e/tV9+CwbdJcU9aiqUh1NyaGCa5YCzgI1s00IzIWrBOPrmd+55Fpw1P1AOOMhZIMFE84JWClyK3e4GAA1pc4iYKMR27Nq3tz4FXiF6SGCjQj9yvopzSXTAEVxJie72UQTogGTgWbVoLcsIzQERmwnqWKSGbCyfzwKT61Sh8nqbalAM/V3xMTIo0Zy9h2SgJDs+zNxP+8Xg7JVTjhKsuBKbpYlOQCQ4pnKeA+14yCGFtCqOb2VkyHRBMKNquKDcFffnmVtM/rvlf37y9qjdsijjI6RifoDPnoEjXQHWqiFqIoR8/oFb05T86L8+58LFpLTjFzhP7A+fwBEoiStg==</latexit>
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<latexit sha1_base64="cntu+vxC3zzCMxWMfO4zbQ6ZNvY=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQwTJTCupCKAjSZQX7gM5YMmmmDU0yY5IRyjD/4MZfceNCEbdu3Pk3po+Fth5IODnnXm7uCWJGlXacbyu3tLyyupZfL2xsbm3v2Lt7TRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSC4dXYbz0QqWgkbvUoJj5HfUFDipE2Utc+8UQCL6Gn7qVOvVAinF5kaSWDp9MHvytnac1cMOvaRafkTAAXiTsjRTBDvWt/eb0IJ5wIjRlSquM6sfZTJDXFjGQFL1EkRniI+qRjqECcKD+d7JTBI6P0YBhJc4SGE/V3R4q4UiMemEqO9EDNe2PxP6+T6PDcT6mIE00Eng4KEwZ1BMcBwR6VBGs2MgRhSc1fIR4gk4U2MRZMCO78youkWS65Tsm9qRSr17M48uAAHIJj4IIzUAU1UAcNgMEjeAav4M16sl6sd+tjWpqzZj374A+szx8bFZ2s</latexit><latexit sha1_base64="cntu+vxC3zzCMxWMfO4zbQ6ZNvY=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQwTJTCupCKAjSZQX7gM5YMmmmDU0yY5IRyjD/4MZfceNCEbdu3Pk3po+Fth5IODnnXm7uCWJGlXacbyu3tLyyupZfL2xsbm3v2Lt7TRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSC4dXYbz0QqWgkbvUoJj5HfUFDipE2Utc+8UQCL6Gn7qVOvVAinF5kaSWDp9MHvytnac1cMOvaRafkTAAXiTsjRTBDvWt/eb0IJ5wIjRlSquM6sfZTJDXFjGQFL1EkRniI+qRjqECcKD+d7JTBI6P0YBhJc4SGE/V3R4q4UiMemEqO9EDNe2PxP6+T6PDcT6mIE00Eng4KEwZ1BMcBwR6VBGs2MgRhSc1fIR4gk4U2MRZMCO78youkWS65Tsm9qRSr17M48uAAHIJj4IIzUAU1UAcNgMEjeAav4M16sl6sd+tjWpqzZj374A+szx8bFZ2s</latexit><latexit sha1_base64="cntu+vxC3zzCMxWMfO4zbQ6ZNvY=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQwTJTCupCKAjSZQX7gM5YMmmmDU0yY5IRyjD/4MZfceNCEbdu3Pk3po+Fth5IODnnXm7uCWJGlXacbyu3tLyyupZfL2xsbm3v2Lt7TRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSC4dXYbz0QqWgkbvUoJj5HfUFDipE2Utc+8UQCL6Gn7qVOvVAinF5kaSWDp9MHvytnac1cMOvaRafkTAAXiTsjRTBDvWt/eb0IJ5wIjRlSquM6sfZTJDXFjGQFL1EkRniI+qRjqECcKD+d7JTBI6P0YBhJc4SGE/V3R4q4UiMemEqO9EDNe2PxP6+T6PDcT6mIE00Eng4KEwZ1BMcBwR6VBGs2MgRhSc1fIR4gk4U2MRZMCO78youkWS65Tsm9qRSr17M48uAAHIJj4IIzUAU1UAcNgMEjeAav4M16sl6sd+tjWpqzZj374A+szx8bFZ2s</latexit><latexit sha1_base64="cntu+vxC3zzCMxWMfO4zbQ6ZNvY=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQwTJTCupCKAjSZQX7gM5YMmmmDU0yY5IRyjD/4MZfceNCEbdu3Pk3po+Fth5IODnnXm7uCWJGlXacbyu3tLyyupZfL2xsbm3v2Lt7TRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSC4dXYbz0QqWgkbvUoJj5HfUFDipE2Utc+8UQCL6Gn7qVOvVAinF5kaSWDp9MHvytnac1cMOvaRafkTAAXiTsjRTBDvWt/eb0IJ5wIjRlSquM6sfZTJDXFjGQFL1EkRniI+qRjqECcKD+d7JTBI6P0YBhJc4SGE/V3R4q4UiMemEqO9EDNe2PxP6+T6PDcT6mIE00Eng4KEwZ1BMcBwR6VBGs2MgRhSc1fIR4gk4U2MRZMCO78youkWS65Tsm9qRSr17M48uAAHIJj4IIzUAU1UAcNgMEjeAav4M16sl6sd+tjWpqzZj374A+szx8bFZ2s</latexit>

Local NG

Equil. NG

m2 = 0
<latexit sha1_base64="1F4/x9yM5fh+eKZdyQ8jQ2eCPh8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU8kWQS9CQRCPFewHtGvJptk2NMkuSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFyaCG4vxt1dYW9/Y3Cpul3Z29/YPyodHLROnmrImjUWsOyExTHDFmpZbwTqJZkSGgrXD8c3Mbz8xbXisHuwkYYEkQ8UjTol1Uls+1tA1wv1yBVfxHGiV+DmpQI5Gv/zVG8Q0lUxZKogxXR8nNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5uVN05pQBimLtSlk0V39PZEQaM5Gh65TEjsyyNxP/87qpja6CjKsktUzRxaIoFcjGaPY7GnDNqBUTRwjV3N2K6IhoQq1LqORC8JdfXiWtWtXHVf/+olK/zeMowgmcwjn4cAl1uIMGNIHCGJ7hFd68xHvx3r2PRWvBy2eO4Q+8zx+a/o5u</latexit><latexit sha1_base64="1F4/x9yM5fh+eKZdyQ8jQ2eCPh8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU8kWQS9CQRCPFewHtGvJptk2NMkuSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFyaCG4vxt1dYW9/Y3Cpul3Z29/YPyodHLROnmrImjUWsOyExTHDFmpZbwTqJZkSGgrXD8c3Mbz8xbXisHuwkYYEkQ8UjTol1Uls+1tA1wv1yBVfxHGiV+DmpQI5Gv/zVG8Q0lUxZKogxXR8nNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5uVN05pQBimLtSlk0V39PZEQaM5Gh65TEjsyyNxP/87qpja6CjKsktUzRxaIoFcjGaPY7GnDNqBUTRwjV3N2K6IhoQq1LqORC8JdfXiWtWtXHVf/+olK/zeMowgmcwjn4cAl1uIMGNIHCGJ7hFd68xHvx3r2PRWvBy2eO4Q+8zx+a/o5u</latexit><latexit sha1_base64="1F4/x9yM5fh+eKZdyQ8jQ2eCPh8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU8kWQS9CQRCPFewHtGvJptk2NMkuSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFyaCG4vxt1dYW9/Y3Cpul3Z29/YPyodHLROnmrImjUWsOyExTHDFmpZbwTqJZkSGgrXD8c3Mbz8xbXisHuwkYYEkQ8UjTol1Uls+1tA1wv1yBVfxHGiV+DmpQI5Gv/zVG8Q0lUxZKogxXR8nNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5uVN05pQBimLtSlk0V39PZEQaM5Gh65TEjsyyNxP/87qpja6CjKsktUzRxaIoFcjGaPY7GnDNqBUTRwjV3N2K6IhoQq1LqORC8JdfXiWtWtXHVf/+olK/zeMowgmcwjn4cAl1uIMGNIHCGJ7hFd68xHvx3r2PRWvBy2eO4Q+8zx+a/o5u</latexit><latexit sha1_base64="1F4/x9yM5fh+eKZdyQ8jQ2eCPh8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU8kWQS9CQRCPFewHtGvJptk2NMkuSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFyaCG4vxt1dYW9/Y3Cpul3Z29/YPyodHLROnmrImjUWsOyExTHDFmpZbwTqJZkSGgrXD8c3Mbz8xbXisHuwkYYEkQ8UjTol1Uls+1tA1wv1yBVfxHGiV+DmpQI5Gv/zVG8Q0lUxZKogxXR8nNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5uVN05pQBimLtSlk0V39PZEQaM5Gh65TEjsyyNxP/87qpja6CjKsktUzRxaIoFcjGaPY7GnDNqBUTRwjV3N2K6IhoQq1LqORC8JdfXiWtWtXHVf/+olK/zeMowgmcwjn4cAl1uIMGNIHCGJ7hFd68xHvx3r2PRWvBy2eO4Q+8zx+a/o5u</latexit>
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<latexit sha1_base64="hAREGQRrnLzp5tolntRYMQiW9Ic=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiSloC6EgiBdVrAPaNMymU7aoTNJmJkINRR/xY0LRdz6H+78G6dtFtp64MLhnHu59x4/5kxpx/m2VlbX1jc2c1v57Z3dvX374LChokQSWicRj2TLx4pyFtK6ZprTViwpFj6nTX90M/WbD1QqFoX3ehxTT+BByAJGsDZSzz4W3RK6Rp1AYpJeTdLypNot9eyCU3RmQMvEzUgBMtR69lenH5FE0FATjpVqu06svRRLzQink3wnUTTGZIQHtG1oiAVVXjq7foLOjNJHQSRNhRrN1N8TKRZKjYVvOgXWQ7XoTcX/vHaig0svZWGcaBqS+aIg4UhHaBoF6jNJieZjQzCRzNyKyBCbILQJLG9CcBdfXiaNUtF1iu5duVC5zeLIwQmcwjm4cAEVqEIN6kDgEZ7hFd6sJ+vFerc+5q0rVjZzBH9gff4AuuaUHg==</latexit><latexit sha1_base64="hAREGQRrnLzp5tolntRYMQiW9Ic=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiSloC6EgiBdVrAPaNMymU7aoTNJmJkINRR/xY0LRdz6H+78G6dtFtp64MLhnHu59x4/5kxpx/m2VlbX1jc2c1v57Z3dvX374LChokQSWicRj2TLx4pyFtK6ZprTViwpFj6nTX90M/WbD1QqFoX3ehxTT+BByAJGsDZSzz4W3RK6Rp1AYpJeTdLypNot9eyCU3RmQMvEzUgBMtR69lenH5FE0FATjpVqu06svRRLzQink3wnUTTGZIQHtG1oiAVVXjq7foLOjNJHQSRNhRrN1N8TKRZKjYVvOgXWQ7XoTcX/vHaig0svZWGcaBqS+aIg4UhHaBoF6jNJieZjQzCRzNyKyBCbILQJLG9CcBdfXiaNUtF1iu5duVC5zeLIwQmcwjm4cAEVqEIN6kDgEZ7hFd6sJ+vFerc+5q0rVjZzBH9gff4AuuaUHg==</latexit><latexit sha1_base64="hAREGQRrnLzp5tolntRYMQiW9Ic=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiSloC6EgiBdVrAPaNMymU7aoTNJmJkINRR/xY0LRdz6H+78G6dtFtp64MLhnHu59x4/5kxpx/m2VlbX1jc2c1v57Z3dvX374LChokQSWicRj2TLx4pyFtK6ZprTViwpFj6nTX90M/WbD1QqFoX3ehxTT+BByAJGsDZSzz4W3RK6Rp1AYpJeTdLypNot9eyCU3RmQMvEzUgBMtR69lenH5FE0FATjpVqu06svRRLzQink3wnUTTGZIQHtG1oiAVVXjq7foLOjNJHQSRNhRrN1N8TKRZKjYVvOgXWQ7XoTcX/vHaig0svZWGcaBqS+aIg4UhHaBoF6jNJieZjQzCRzNyKyBCbILQJLG9CcBdfXiaNUtF1iu5duVC5zeLIwQmcwjm4cAEVqEIN6kDgEZ7hFd6sJ+vFerc+5q0rVjZzBH9gff4AuuaUHg==</latexit><latexit sha1_base64="hAREGQRrnLzp5tolntRYMQiW9Ic=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiSloC6EgiBdVrAPaNMymU7aoTNJmJkINRR/xY0LRdz6H+78G6dtFtp64MLhnHu59x4/5kxpx/m2VlbX1jc2c1v57Z3dvX374LChokQSWicRj2TLx4pyFtK6ZprTViwpFj6nTX90M/WbD1QqFoX3ehxTT+BByAJGsDZSzz4W3RK6Rp1AYpJeTdLypNot9eyCU3RmQMvEzUgBMtR69lenH5FE0FATjpVqu06svRRLzQink3wnUTTGZIQHtG1oiAVVXjq7foLOjNJHQSRNhRrN1N8TKRZKjYVvOgXWQ7XoTcX/vHaig0svZWGcaBqS+aIg4UhHaBoF6jNJieZjQzCRzNyKyBCbILQJLG9CcBdfXiaNUtF1iu5duVC5zeLIwQmcwjm4cAEVqEIN6kDgEZ7hFd6sJ+vFerc+5q0rVjZzBH9gff4AuuaUHg==</latexit>

Multi -Field Inflation



More generally, possibilities are vast


We are still exploring the landscape of possibilities

Multi -Field Inflation



Recent Developments



Define cosmological correlators directly from principles


A Key Idea: correlators contains the scattering amplitude. 


E.g.


Residue in “total energy”


Analytic structure in “energy” constrains correlators

Cosmological Bootstrap

arXiv:2203.08121 (review)
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h�(~k1)..�(~kn)i =
iAn

E↵
<latexit sha1_base64="yptLVGuhILbHygN9632+oRWGOzw="></latexit><latexit sha1_base64="yptLVGuhILbHygN9632+oRWGOzw="></latexit><latexit sha1_base64="yptLVGuhILbHygN9632+oRWGOzw="></latexit><latexit sha1_base64="yptLVGuhILbHygN9632+oRWGOzw="></latexit>

E =
nX

i=1

ki
<latexit sha1_base64="vAeb3woxA1PUAVOY4vJsVA9L6DY=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQTeFogguK9gHtDFMppN26GQSZiZCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIOFPacb6twtLyyupacb20sbm1vWPv7jVVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQyvJn7rgUrFYnGnRwn1ItwXLGQEayP59sE1qqKuSiM/Y1V3fC/Q0Ge+XXYqzhRokbg5KUOOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl0+vH6NgoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rwwsuYSFJNBZktClOOdIwmUaAek5RoPjIEE8nMrYgMsMREm8BKJgR3/uVF0jytuE7FvT0r1y7zOIpwCEdwAi6cQw1uoA4NIPAIz/AKb9aT9WK9Wx+z1oKVz+zDH1ifP965lDM=</latexit><latexit sha1_base64="vAeb3woxA1PUAVOY4vJsVA9L6DY=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQTeFogguK9gHtDFMppN26GQSZiZCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIOFPacb6twtLyyupacb20sbm1vWPv7jVVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQyvJn7rgUrFYnGnRwn1ItwXLGQEayP59sE1qqKuSiM/Y1V3fC/Q0Ge+XXYqzhRokbg5KUOOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl0+vH6NgoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rwwsuYSFJNBZktClOOdIwmUaAek5RoPjIEE8nMrYgMsMREm8BKJgR3/uVF0jytuE7FvT0r1y7zOIpwCEdwAi6cQw1uoA4NIPAIz/AKb9aT9WK9Wx+z1oKVz+zDH1ifP965lDM=</latexit><latexit sha1_base64="vAeb3woxA1PUAVOY4vJsVA9L6DY=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQTeFogguK9gHtDFMppN26GQSZiZCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIOFPacb6twtLyyupacb20sbm1vWPv7jVVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQyvJn7rgUrFYnGnRwn1ItwXLGQEayP59sE1qqKuSiM/Y1V3fC/Q0Ge+XXYqzhRokbg5KUOOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl0+vH6NgoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rwwsuYSFJNBZktClOOdIwmUaAek5RoPjIEE8nMrYgMsMREm8BKJgR3/uVF0jytuE7FvT0r1y7zOIpwCEdwAi6cQw1uoA4NIPAIz/AKb9aT9WK9Wx+z1oKVz+zDH1ifP965lDM=</latexit><latexit sha1_base64="vAeb3woxA1PUAVOY4vJsVA9L6DY=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQTeFogguK9gHtDFMppN26GQSZiZCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIOFPacb6twtLyyupacb20sbm1vWPv7jVVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQyvJn7rgUrFYnGnRwn1ItwXLGQEayP59sE1qqKuSiM/Y1V3fC/Q0Ge+XXYqzhRokbg5KUOOum9/dXsxSSMqNOFYqY7rJNrLsNSMcDoudVNFE0yGuE87hgocUeVl0+vH6NgoPRTG0pTQaKr+nshwpNQoCkxnhPVAzXsT8T+vk+rwwsuYSFJNBZktClOOdIwmUaAek5RoPjIEE8nMrYgMsMREm8BKJgR3/uVF0jytuE7FvT0r1y7zOIpwCEdwAi6cQw1uoA4NIPAIz/AKb9aT9WK9Wx+z1oKVz+zDH1ifP965lDM=</latexit>



Physical input dictates the behavior of the poles

Cosmological Bootstrap

arXiv:2203.08121 (review)



This motivates studying scattering in the EFT of Inflation


Cosmological Bootstrap

arXiv:2203.08121 (review)
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Decoupling Flat Space
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Amplitudes can be bootstrapped to correlators


EFT of inflation can be understood in terms of soft-theorems


Investigations of positivity constraints


Current limitation: most work is still perturbative (tree level)


Some progress in non-perturbative bootstrap


Cosmological Bootstrap

Pajer, + et al.

DG, Huang, Shen; Hui et al.

E.g. Baumann et al., Creminelli et al. 

Hogervorst et al.; Di Pietro et al.



Loops in dS / Inflation

“IR Issues” have long been a source of confusion


Even without gravity we have:


• Confusing divergences in loop diagrams


• Surprising “secular growth” (growth with time)


Problems:


• Dim reg fails in cosmological backgrounds


• Power counting is unclear


arXiv:2210.05820 (review)



Loops in dS / Inflation

arXiv:2210.05820 (review)

Most IR issues are just due to poor regulators


For massless scalars, IR signals RG flow


Callan-Symanzik equation is “stochastic inflation”


1-to-1 correspondence with operator mixing


Classical driftQuantum noise
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dS Physics well described by a random walk


Classical drift

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

V (�)
<latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit>

Quantum noise

Stochastic Inflation

@
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[V 0(�)P (�, t)]

<latexit sha1_base64="UXOceifnORoUVeV9uBY5gbOfyqU="></latexit><latexit sha1_base64="UXOceifnORoUVeV9uBY5gbOfyqU="></latexit><latexit sha1_base64="UXOceifnORoUVeV9uBY5gbOfyqU="></latexit><latexit sha1_base64="UXOceifnORoUVeV9uBY5gbOfyqU="></latexit>

Starobinsky



Equilibrium Probability covers large field range


�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

V (�)
<latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit>

Power Counting in SI

H
<latexit sha1_base64="rRCmYoZzHOCgkdsc1ATC6/EImFk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCID1WsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzTRBP6IjyUPOqLHSQ4MMyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFpfOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmb5MhV8iMmFpCmeL2VsLGVFFmbDglG4K3+vI6aV9VPbfq3V9X6nd5HEU4g3O4BA9qUIcGNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+APRZjPo=</latexit><latexit sha1_base64="rRCmYoZzHOCgkdsc1ATC6/EImFk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCID1WsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzTRBP6IjyUPOqLHSQ4MMyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFpfOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmb5MhV8iMmFpCmeL2VsLGVFFmbDglG4K3+vI6aV9VPbfq3V9X6nd5HEU4g3O4BA9qUIcGNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+APRZjPo=</latexit><latexit sha1_base64="rRCmYoZzHOCgkdsc1ATC6/EImFk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCID1WsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzTRBP6IjyUPOqLHSQ4MMyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFpfOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmb5MhV8iMmFpCmeL2VsLGVFFmbDglG4K3+vI6aV9VPbfq3V9X6nd5HEU4g3O4BA9qUIcGNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+APRZjPo=</latexit><latexit sha1_base64="rRCmYoZzHOCgkdsc1ATC6/EImFk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCID1WsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzTRBP6IjyUPOqLHSQ4MMyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFpfOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmb5MhV8iMmFpCmeL2VsLGVFFmbDglG4K3+vI6aV9VPbfq3V9X6nd5HEU4g3O4BA9qUIcGNKEFDEJ4hld4cybOi/PufCxbC04+cwp/4Hz+APRZjPo=</latexit>

� =
H

�1/4
<latexit sha1_base64="HhL5+5hRX25OrIwN88TTZ6mosjc=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK4qokUdCMU3XRZwT6giWUymbRDJw9mJkIJ2bnxV9y4UMStv+DOv3HaZqGtBwYO59zDnXu8hDOpLOvbWFpeWV1bL22UN7e2d3bNvf22jFNBaIvEPBZdD0vKWURbiilOu4mgOPQ47Xijm4nfeaBCsji6U+OEuiEeRCxgBCst9c0jJxkydIWcQGCSNfLM4Trs4/vMPqvled+sWFVrCrRI7IJUoECzb345fkzSkEaKcCxlz7YS5WZYKEY4zctOKmmCyQgPaE/TCIdUutn0jhydaMVHQSz0ixSaqr8TGQ6lHIeengyxGsp5byL+5/VSFVy6GYuSVNGIzBYFKUcqRpNSkM8EJYqPNcFEMP1XRIZYN6J0dWVdgj1/8iJpn1dtq2rf1ir166KOEhzCMZyCDRdQhwY0oQUEHuEZXuHNeDJejHfjYza6ZBSZA/gD4/MHDbWYyA==</latexit><latexit sha1_base64="HhL5+5hRX25OrIwN88TTZ6mosjc=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK4qokUdCMU3XRZwT6giWUymbRDJw9mJkIJ2bnxV9y4UMStv+DOv3HaZqGtBwYO59zDnXu8hDOpLOvbWFpeWV1bL22UN7e2d3bNvf22jFNBaIvEPBZdD0vKWURbiilOu4mgOPQ47Xijm4nfeaBCsji6U+OEuiEeRCxgBCst9c0jJxkydIWcQGCSNfLM4Trs4/vMPqvled+sWFVrCrRI7IJUoECzb345fkzSkEaKcCxlz7YS5WZYKEY4zctOKmmCyQgPaE/TCIdUutn0jhydaMVHQSz0ixSaqr8TGQ6lHIeengyxGsp5byL+5/VSFVy6GYuSVNGIzBYFKUcqRpNSkM8EJYqPNcFEMP1XRIZYN6J0dWVdgj1/8iJpn1dtq2rf1ir166KOEhzCMZyCDRdQhwY0oQUEHuEZXuHNeDJejHfjYza6ZBSZA/gD4/MHDbWYyA==</latexit><latexit sha1_base64="HhL5+5hRX25OrIwN88TTZ6mosjc=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK4qokUdCMU3XRZwT6giWUymbRDJw9mJkIJ2bnxV9y4UMStv+DOv3HaZqGtBwYO59zDnXu8hDOpLOvbWFpeWV1bL22UN7e2d3bNvf22jFNBaIvEPBZdD0vKWURbiilOu4mgOPQ47Xijm4nfeaBCsji6U+OEuiEeRCxgBCst9c0jJxkydIWcQGCSNfLM4Trs4/vMPqvled+sWFVrCrRI7IJUoECzb345fkzSkEaKcCxlz7YS5WZYKEY4zctOKmmCyQgPaE/TCIdUutn0jhydaMVHQSz0ixSaqr8TGQ6lHIeengyxGsp5byL+5/VSFVy6GYuSVNGIzBYFKUcqRpNSkM8EJYqPNcFEMP1XRIZYN6J0dWVdgj1/8iJpn1dtq2rf1ir166KOEhzCMZyCDRdQhwY0oQUEHuEZXuHNeDJejHfjYza6ZBSZA/gD4/MHDbWYyA==</latexit><latexit sha1_base64="HhL5+5hRX25OrIwN88TTZ6mosjc=">AAACB3icbVDLSsNAFL3xWesr6lKQwSK4qokUdCMU3XRZwT6giWUymbRDJw9mJkIJ2bnxV9y4UMStv+DOv3HaZqGtBwYO59zDnXu8hDOpLOvbWFpeWV1bL22UN7e2d3bNvf22jFNBaIvEPBZdD0vKWURbiilOu4mgOPQ47Xijm4nfeaBCsji6U+OEuiEeRCxgBCst9c0jJxkydIWcQGCSNfLM4Trs4/vMPqvled+sWFVrCrRI7IJUoECzb345fkzSkEaKcCxlz7YS5WZYKEY4zctOKmmCyQgPaE/TCIdUutn0jhydaMVHQSz0ixSaqr8TGQ6lHIeengyxGsp5byL+5/VSFVy6GYuSVNGIzBYFKUcqRpNSkM8EJYqPNcFEMP1XRIZYN6J0dWVdgj1/8iJpn1dtq2rf1ir166KOEhzCMZyCDRdQhwY0oQUEHuEZXuHNeDJejHfjYza6ZBSZA/gD4/MHDbWYyA==</latexit>
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Is Stochastic Inflation consistent for large fields?


What are the possible corrections?
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Power Counting in SI



If jumps are bounded, we (Kramers-Moyal) expand 


Derivative expansion is controlled by the moments


Non-gaussianity encoded in higher derivatives
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Power Counting in SI



Expanding moments in power of field locations


We will take


Educated guess: power count according to scaling 
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Power Counting in SI



Large field value still allows a consistent expansion
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Power Counting in SI



Large field value still allows a consistent expansion


LO:


NLO:


NNLO:


@

@t
P (�, t) = O

�
�1/2

�
+

@2

@�2

h
⌦(2)

2 �2P (�, t)
i
+

1

3H

@

@�


1

5!
c6�

5P (�, t)

�

<latexit sha1_base64="846FF0t8uNV2CTcvXc5duCfltYk="></latexit><latexit sha1_base64="846FF0t8uNV2CTcvXc5duCfltYk="></latexit><latexit sha1_base64="846FF0t8uNV2CTcvXc5duCfltYk="></latexit><latexit sha1_base64="846FF0t8uNV2CTcvXc5duCfltYk="></latexit>

@

@t
P (�, t) =

H
3

8⇡2

@
2

@�2
P (�, t) +

1

3H

@

@�


1

3!
��

3
P (�, t)

�

<latexit sha1_base64="FTH3aeYPah2vifV3ufJ2kLWzBHA="></latexit><latexit sha1_base64="FTH3aeYPah2vifV3ufJ2kLWzBHA="></latexit><latexit sha1_base64="FTH3aeYPah2vifV3ufJ2kLWzBHA="></latexit><latexit sha1_base64="FTH3aeYPah2vifV3ufJ2kLWzBHA="></latexit>

@

@t
P (�, t) =O

�
�1/2

�
+O

�
�
�
+

H3

8⇡2

@2

@�2

⇣
⌦(4)

2 �4P (�, t)
⌘

+
1

3H

@

@�


1

7!
c8�

7P (�, t)

�
+

@3

@�3

⇣
⌦(1)

3 �P (�, t)
⌘

<latexit sha1_base64="oGOkpndrAytp3zE5VGq28D9FmZQ="></latexit><latexit sha1_base64="oGOkpndrAytp3zE5VGq28D9FmZQ="></latexit><latexit sha1_base64="oGOkpndrAytp3zE5VGq28D9FmZQ="></latexit><latexit sha1_base64="oGOkpndrAytp3zE5VGq28D9FmZQ="></latexit>

Power Counting in SI



NNLO Corrections

One universal term at NNLO


Physical interpretation as non-Gaussian noise 


Also find an effective potential
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Implications

Equilibrium wave-function at NNLO


Relaxation Eigenvalues at NNLO: 
 d
dtPn = �⇤nPn
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Non-Perturbative Non-Gaussianity

In some models, information lives at high N-point correlators


Related to calculating the tail of the probability distribution

P (⇣)
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Non-Perturbative Non-Gaussianity

Large fluctuations cannot be calculated in EFT


Can be understood as example of Large Deviation Principle
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B-modes

Energy2



Image from BICEP/Keck

Image from SPT

Present



Image from ACTPol

Image from POLARBEAR

Present



SPT + Keck           CMB-S4(?)




Simons         CMB-S4




CMB has limits

Not enough modes left in the CMB



CMB has limits

Not enough modes left in the CMB


Naive mode counting tells us that


In detail, we only get the scaling


Lose information from projection from 3d to 2d
Kalaja et al. (2020)
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LSS is the future

LSS is a key to our to understanding inflation


Z

Linear regime of LSS

CMB

Figure from Chabanier  et al.



LSS is the future

Problem: low redshift universe is hard to model


Vogelsberger et al. (2019)

DM-only DM + Baryons



Strategies

Inflation LSS Modeling Principles

Look for novel signals:


Top down (QG)


 

EFT/symmetries


New fields


New mechanisms


Improve accuracy:


N-body


Sims with baryons


Machine learning


EFT / perturbative

Protected quantities


Locality


Causality


Symmetries


Bootstrap



Top Down Model Building 

E.g. axion monodromy inspires features searches


Originated from string models


Logarithmic oscillations tied to non-perturbative effects
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Figure from Baumann & McAllister

Flauger et al. (2009)

Silverstein & Westphal (2008)


McAllister, Silverstein, & Westphal (2008)



Top Down Model Building 

Oscillatory features in correlators
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Top Down Model Building 

Oscillatory signals in LSS are distinct from nonlinearity
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Galaxy clustering (BOSS, this work)

Beutler, Biagetti, DG, Slosar, & Wallisch (2019)  



Top Down Model Building 

Oscillatory signals in LSS are distinct from nonlinearity

Beutler, Biagetti, DG, Slosar, & Wallisch (2019)  



Cosmological Collider

Light(ish) particles are detectable via non-Gaussianity


Leaves unique signatures in the soft limits


Violates the single-field consistency conditions

Chen & Wang (2009); DG & Baumann (2011); Chen & Wang (2012); Noumi et al. (2012); Arkani-Hamed & 

Maldacena (2015); Lee et al. (2016); + many many more


Maldacena (2002); Creminelli & Zaldarriaga (2004)



Cosmological Collider

Single field consistency can be applied directly to LSS


Breaking of consistency-scale dependent bias, e.g.


Looks like a violation of equivalence principle


Does not arise from nonlinear dynamics

Creminelli et al. (2013 x 3)

Dalal et al. (2007)
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�g(~k) ⇡
1

k1/2+⌫
�m(~k)

<latexit sha1_base64="ix9f47BgyF9WperRFc22lk+xj1U=">AAACKnicbVBNS8NAFNzU7/oV9ehlsQgVoSZF0KMiiEcFawtNDJvtS1262YTdjVhCfo8X/4oXD4p49Ye4bSOodWBhmJnH2zdhypnSjvNuVWZm5+YXFpeqyyura+v2xuaNSjJJoUUTnshOSBRwJqClmebQSSWQOOTQDgdnI799D1KxRFzrYQp+TPqCRYwSbaTAPvV6wDUJ+nXvHige7GGPpKlMHrAXSUJzt8gHt7l70MT7nsiKApf5GH8PBHbNaThj4GnilqSGSlwG9ovXS2gWg9CUE6W6rpNqPydSM8qhqHqZgpTQAelD11BBYlB+Pj61wLtG6eEokeYJjcfqz4mcxEoN49AkY6Lv1F9vJP7ndTMdHfs5E2mmQdDJoijjWCd41BvuMQlU86EhhEpm/orpHTEVadNu1ZTg/j15mtw0G67TcK8OayfnZR2LaBvtoDpy0RE6QRfoErUQRY/oGb2iN+vJerHerY9JtGKVM1voF6zPL00lpe8=</latexit><latexit sha1_base64="ix9f47BgyF9WperRFc22lk+xj1U=">AAACKnicbVBNS8NAFNzU7/oV9ehlsQgVoSZF0KMiiEcFawtNDJvtS1262YTdjVhCfo8X/4oXD4p49Ye4bSOodWBhmJnH2zdhypnSjvNuVWZm5+YXFpeqyyura+v2xuaNSjJJoUUTnshOSBRwJqClmebQSSWQOOTQDgdnI799D1KxRFzrYQp+TPqCRYwSbaTAPvV6wDUJ+nXvHige7GGPpKlMHrAXSUJzt8gHt7l70MT7nsiKApf5GH8PBHbNaThj4GnilqSGSlwG9ovXS2gWg9CUE6W6rpNqPydSM8qhqHqZgpTQAelD11BBYlB+Pj61wLtG6eEokeYJjcfqz4mcxEoN49AkY6Lv1F9vJP7ndTMdHfs5E2mmQdDJoijjWCd41BvuMQlU86EhhEpm/orpHTEVadNu1ZTg/j15mtw0G67TcK8OayfnZR2LaBvtoDpy0RE6QRfoErUQRY/oGb2iN+vJerHerY9JtGKVM1voF6zPL00lpe8=</latexit><latexit sha1_base64="ix9f47BgyF9WperRFc22lk+xj1U=">AAACKnicbVBNS8NAFNzU7/oV9ehlsQgVoSZF0KMiiEcFawtNDJvtS1262YTdjVhCfo8X/4oXD4p49Ye4bSOodWBhmJnH2zdhypnSjvNuVWZm5+YXFpeqyyura+v2xuaNSjJJoUUTnshOSBRwJqClmebQSSWQOOTQDgdnI799D1KxRFzrYQp+TPqCRYwSbaTAPvV6wDUJ+nXvHige7GGPpKlMHrAXSUJzt8gHt7l70MT7nsiKApf5GH8PBHbNaThj4GnilqSGSlwG9ovXS2gWg9CUE6W6rpNqPydSM8qhqHqZgpTQAelD11BBYlB+Pj61wLtG6eEokeYJjcfqz4mcxEoN49AkY6Lv1F9vJP7ndTMdHfs5E2mmQdDJoijjWCd41BvuMQlU86EhhEpm/orpHTEVadNu1ZTg/j15mtw0G67TcK8OayfnZR2LaBvtoDpy0RE6QRfoErUQRY/oGb2iN+vJerHerY9JtGKVM1voF6zPL00lpe8=</latexit><latexit sha1_base64="ix9f47BgyF9WperRFc22lk+xj1U=">AAACKnicbVBNS8NAFNzU7/oV9ehlsQgVoSZF0KMiiEcFawtNDJvtS1262YTdjVhCfo8X/4oXD4p49Ye4bSOodWBhmJnH2zdhypnSjvNuVWZm5+YXFpeqyyura+v2xuaNSjJJoUUTnshOSBRwJqClmebQSSWQOOTQDgdnI799D1KxRFzrYQp+TPqCRYwSbaTAPvV6wDUJ+nXvHige7GGPpKlMHrAXSUJzt8gHt7l70MT7nsiKApf5GH8PBHbNaThj4GnilqSGSlwG9ovXS2gWg9CUE6W6rpNqPydSM8qhqHqZgpTQAelD11BBYlB+Pj61wLtG6eEokeYJjcfqz4mcxEoN49AkY6Lv1F9vJP7ndTMdHfs5E2mmQdDJoijjWCd41BvuMQlU86EhhEpm/orpHTEVadNu1ZTg/j15mtw0G67TcK8OayfnZR2LaBvtoDpy0RE6QRfoErUQRY/oGb2iN+vJerHerY9JtGKVM1voF6zPL00lpe8=</latexit>

Galaxies Matter



Doré et al. (2014) [SPHEREx]

Cosmological Collider

For extra light fields, LSS will make large improvement
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⇤2 ⇡ |�̇|/f eq
NL<latexit sha1_base64="OG7X7QVqckAxGYd/HEvDmnRyatg=">AAACGnicbVBLSwMxGMzWV62vqkcvwSJ4qrtF0GPRi4ciFewDutuSzWbb0GQ3JlmxbPs7vPhXvHhQxJt48d+YPg7aOhAYZuZL8o0vGFXatr+tzNLyyupadj23sbm1vZPf3aurOJGY1HDMYtn0kSKMRqSmqWakKSRB3Gek4fcvx37jnkhF4+hWDwTxOOpGNKQYaSN18o5bMeEAtUvQRULI+AEO3SDW0BU9OjwJO6krObyujNoTQu5GnXzBLtoTwEXizEgBzFDt5D/NhTjhJNKYIaVaji20lyKpKWZklHMTRQTCfdQlLUMjxIny0slqI3hklACGsTQn0nCi/p5IEVdqwH2T5Ej31Lw3Fv/zWokOz72URiLRJMLTh8KEQR3DcU8woJJgzQaGICyp+SvEPSQR1qbNnCnBmV95kdRLRccuOjenhfLFrI4sOACH4Bg44AyUwRWoghrA4BE8g1fwZj1ZL9a79TGNZqzZzD74A+vrB8t/oLg=</latexit><latexit sha1_base64="OG7X7QVqckAxGYd/HEvDmnRyatg=">AAACGnicbVBLSwMxGMzWV62vqkcvwSJ4qrtF0GPRi4ciFewDutuSzWbb0GQ3JlmxbPs7vPhXvHhQxJt48d+YPg7aOhAYZuZL8o0vGFXatr+tzNLyyupadj23sbm1vZPf3aurOJGY1HDMYtn0kSKMRqSmqWakKSRB3Gek4fcvx37jnkhF4+hWDwTxOOpGNKQYaSN18o5bMeEAtUvQRULI+AEO3SDW0BU9OjwJO6krObyujNoTQu5GnXzBLtoTwEXizEgBzFDt5D/NhTjhJNKYIaVaji20lyKpKWZklHMTRQTCfdQlLUMjxIny0slqI3hklACGsTQn0nCi/p5IEVdqwH2T5Ej31Lw3Fv/zWokOz72URiLRJMLTh8KEQR3DcU8woJJgzQaGICyp+SvEPSQR1qbNnCnBmV95kdRLRccuOjenhfLFrI4sOACH4Bg44AyUwRWoghrA4BE8g1fwZj1ZL9a79TGNZqzZzD74A+vrB8t/oLg=</latexit><latexit sha1_base64="OG7X7QVqckAxGYd/HEvDmnRyatg=">AAACGnicbVBLSwMxGMzWV62vqkcvwSJ4qrtF0GPRi4ciFewDutuSzWbb0GQ3JlmxbPs7vPhXvHhQxJt48d+YPg7aOhAYZuZL8o0vGFXatr+tzNLyyupadj23sbm1vZPf3aurOJGY1HDMYtn0kSKMRqSmqWakKSRB3Gek4fcvx37jnkhF4+hWDwTxOOpGNKQYaSN18o5bMeEAtUvQRULI+AEO3SDW0BU9OjwJO6krObyujNoTQu5GnXzBLtoTwEXizEgBzFDt5D/NhTjhJNKYIaVaji20lyKpKWZklHMTRQTCfdQlLUMjxIny0slqI3hklACGsTQn0nCi/p5IEVdqwH2T5Ej31Lw3Fv/zWokOz72URiLRJMLTh8KEQR3DcU8woJJgzQaGICyp+SvEPSQR1qbNnCnBmV95kdRLRccuOjenhfLFrI4sOACH4Bg44AyUwRWoghrA4BE8g1fwZj1ZL9a79TGNZqzZzD74A+vrB8t/oLg=</latexit><latexit sha1_base64="OG7X7QVqckAxGYd/HEvDmnRyatg=">AAACGnicbVBLSwMxGMzWV62vqkcvwSJ4qrtF0GPRi4ciFewDutuSzWbb0GQ3JlmxbPs7vPhXvHhQxJt48d+YPg7aOhAYZuZL8o0vGFXatr+tzNLyyupadj23sbm1vZPf3aurOJGY1HDMYtn0kSKMRqSmqWakKSRB3Gek4fcvx37jnkhF4+hWDwTxOOpGNKQYaSN18o5bMeEAtUvQRULI+AEO3SDW0BU9OjwJO6krObyujNoTQu5GnXzBLtoTwEXizEgBzFDt5D/NhTjhJNKYIaVaji20lyKpKWZklHMTRQTCfdQlLUMjxIny0slqI3hklACGsTQn0nCi/p5IEVdqwH2T5Ej31Lw3Fv/zWokOz72URiLRJMLTh8KEQR3DcU8woJJgzQaGICyp+SvEPSQR1qbNnCnBmV95kdRLRccuOjenhfLFrI4sOACH4Bg44AyUwRWoghrA4BE8g1fwZj1ZL9a79TGNZqzZzD74A+vrB8t/oLg=</latexit>

Energy2

⇤2 � |�̇|
<latexit sha1_base64="Mgvj0JQbuAxY3e7z9mIDYngLixs=">AAACA3icbVC7SgNBFL0bXzG+Vu20GQyCVdgNgpZBGwuLCOYB2TXMzs4mQ2YfzswKYROw8VdsLBSx9Sfs/BsnyRaaeGDgcM653LnHSziTyrK+jcLS8srqWnG9tLG5tb1j7u41ZZwKQhsk5rFoe1hSziLaUExx2k4ExaHHacsbXE781gMVksXRrRom1A1xL2IBI1hpqWseONc67OO7KnJ69B6NHD9WyEn6bNQ1y1bFmgItEjsnZchR75pfepikIY0U4VjKjm0lys2wUIxwOi45qaQJJgPcox1NIxxS6WbTG8boWCs+CmKhX6TQVP09keFQymHo6WSIVV/OexPxP6+TquDczViUpIpGZLYoSDlSMZoUgnwmKFF8qAkmgum/ItLHAhOlayvpEuz5kxdJs1qxrYp9c1quXeR1FOEQjuAEbDiDGlxBHRpA4BGe4RXejCfjxXg3PmbRgpHP7MMfGJ8/6xKXDQ==</latexit><latexit sha1_base64="Mgvj0JQbuAxY3e7z9mIDYngLixs=">AAACA3icbVC7SgNBFL0bXzG+Vu20GQyCVdgNgpZBGwuLCOYB2TXMzs4mQ2YfzswKYROw8VdsLBSx9Sfs/BsnyRaaeGDgcM653LnHSziTyrK+jcLS8srqWnG9tLG5tb1j7u41ZZwKQhsk5rFoe1hSziLaUExx2k4ExaHHacsbXE781gMVksXRrRom1A1xL2IBI1hpqWseONc67OO7KnJ69B6NHD9WyEn6bNQ1y1bFmgItEjsnZchR75pfepikIY0U4VjKjm0lys2wUIxwOi45qaQJJgPcox1NIxxS6WbTG8boWCs+CmKhX6TQVP09keFQymHo6WSIVV/OexPxP6+TquDczViUpIpGZLYoSDlSMZoUgnwmKFF8qAkmgum/ItLHAhOlayvpEuz5kxdJs1qxrYp9c1quXeR1FOEQjuAEbDiDGlxBHRpA4BGe4RXejCfjxXg3PmbRgpHP7MMfGJ8/6xKXDQ==</latexit><latexit sha1_base64="Mgvj0JQbuAxY3e7z9mIDYngLixs=">AAACA3icbVC7SgNBFL0bXzG+Vu20GQyCVdgNgpZBGwuLCOYB2TXMzs4mQ2YfzswKYROw8VdsLBSx9Sfs/BsnyRaaeGDgcM653LnHSziTyrK+jcLS8srqWnG9tLG5tb1j7u41ZZwKQhsk5rFoe1hSziLaUExx2k4ExaHHacsbXE781gMVksXRrRom1A1xL2IBI1hpqWseONc67OO7KnJ69B6NHD9WyEn6bNQ1y1bFmgItEjsnZchR75pfepikIY0U4VjKjm0lys2wUIxwOi45qaQJJgPcox1NIxxS6WbTG8boWCs+CmKhX6TQVP09keFQymHo6WSIVV/OexPxP6+TquDczViUpIpGZLYoSDlSMZoUgnwmKFF8qAkmgum/ItLHAhOlayvpEuz5kxdJs1qxrYp9c1quXeR1FOEQjuAEbDiDGlxBHRpA4BGe4RXejCfjxXg3PmbRgpHP7MMfGJ8/6xKXDQ==</latexit><latexit sha1_base64="Mgvj0JQbuAxY3e7z9mIDYngLixs=">AAACA3icbVC7SgNBFL0bXzG+Vu20GQyCVdgNgpZBGwuLCOYB2TXMzs4mQ2YfzswKYROw8VdsLBSx9Sfs/BsnyRaaeGDgcM653LnHSziTyrK+jcLS8srqWnG9tLG5tb1j7u41ZZwKQhsk5rFoe1hSziLaUExx2k4ExaHHacsbXE781gMVksXRrRom1A1xL2IBI1hpqWseONc67OO7KnJ69B6NHD9WyEn6bNQ1y1bFmgItEjsnZchR75pfepikIY0U4VjKjm0lys2wUIxwOi45qaQJJgPcox1NIxxS6WbTG8boWCs+CmKhX6TQVP09keFQymHo6WSIVV/OexPxP6+TquDczViUpIpGZLYoSDlSMZoUgnwmKFF8qAkmgum/ItLHAhOlayvpEuz5kxdJs1qxrYp9c1quXeR1FOEQjuAEbDiDGlxBHRpA4BGe4RXejCfjxXg3PmbRgpHP7MMfGJ8/6xKXDQ==</latexit>

Threshold Sensitivity
�(f eq

NL) = 0.5
<latexit sha1_base64="KxNUWLRvXfF7LxQibEg2A5j9bDA=">AAACCnicbZDLSsNAFIYn9VbrrerSzWgR6iYkouhGKLpxIVLBXqCJYTKdtENnkjgzEUrI2o2v4saFIm59Ane+jdM2C239YeDjP+dw5vx+zKhUlvVtFObmFxaXisulldW19Y3y5lZTRonApIEjFom2jyRhNCQNRRUj7VgQxH1GWv7gYlRvPRAhaRTeqmFMXI56IQ0oRkpbXnnXkbTHUTXwUkdweH2V3Y2B3GcH8Axa5rFXrlimNRacBTuHCshV98pfTjfCCSehwgxJ2bGtWLkpEopiRrKSk0gSIzxAPdLRGCJOpJuOT8ngvna6MIiEfqGCY/f3RIq4lEPu606OVF9O10bmf7VOooJTN6VhnCgS4smiIGFQRXCUC+xSQbBiQw0IC6r/CnEfCYSVTq+kQ7CnT56F5qFpW6Z9c1SpnedxFMEO2ANVYIMTUAOXoA4aAINH8AxewZvxZLwY78bHpLVg5DPb4I+Mzx/Er5j8</latexit><latexit sha1_base64="KxNUWLRvXfF7LxQibEg2A5j9bDA=">AAACCnicbZDLSsNAFIYn9VbrrerSzWgR6iYkouhGKLpxIVLBXqCJYTKdtENnkjgzEUrI2o2v4saFIm59Ane+jdM2C239YeDjP+dw5vx+zKhUlvVtFObmFxaXisulldW19Y3y5lZTRonApIEjFom2jyRhNCQNRRUj7VgQxH1GWv7gYlRvPRAhaRTeqmFMXI56IQ0oRkpbXnnXkbTHUTXwUkdweH2V3Y2B3GcH8Axa5rFXrlimNRacBTuHCshV98pfTjfCCSehwgxJ2bGtWLkpEopiRrKSk0gSIzxAPdLRGCJOpJuOT8ngvna6MIiEfqGCY/f3RIq4lEPu606OVF9O10bmf7VOooJTN6VhnCgS4smiIGFQRXCUC+xSQbBiQw0IC6r/CnEfCYSVTq+kQ7CnT56F5qFpW6Z9c1SpnedxFMEO2ANVYIMTUAOXoA4aAINH8AxewZvxZLwY78bHpLVg5DPb4I+Mzx/Er5j8</latexit><latexit sha1_base64="KxNUWLRvXfF7LxQibEg2A5j9bDA=">AAACCnicbZDLSsNAFIYn9VbrrerSzWgR6iYkouhGKLpxIVLBXqCJYTKdtENnkjgzEUrI2o2v4saFIm59Ane+jdM2C239YeDjP+dw5vx+zKhUlvVtFObmFxaXisulldW19Y3y5lZTRonApIEjFom2jyRhNCQNRRUj7VgQxH1GWv7gYlRvPRAhaRTeqmFMXI56IQ0oRkpbXnnXkbTHUTXwUkdweH2V3Y2B3GcH8Axa5rFXrlimNRacBTuHCshV98pfTjfCCSehwgxJ2bGtWLkpEopiRrKSk0gSIzxAPdLRGCJOpJuOT8ngvna6MIiEfqGCY/f3RIq4lEPu606OVF9O10bmf7VOooJTN6VhnCgS4smiIGFQRXCUC+xSQbBiQw0IC6r/CnEfCYSVTq+kQ7CnT56F5qFpW6Z9c1SpnedxFMEO2ANVYIMTUAOXoA4aAINH8AxewZvxZLwY78bHpLVg5DPb4I+Mzx/Er5j8</latexit><latexit sha1_base64="KxNUWLRvXfF7LxQibEg2A5j9bDA=">AAACCnicbZDLSsNAFIYn9VbrrerSzWgR6iYkouhGKLpxIVLBXqCJYTKdtENnkjgzEUrI2o2v4saFIm59Ane+jdM2C239YeDjP+dw5vx+zKhUlvVtFObmFxaXisulldW19Y3y5lZTRonApIEjFom2jyRhNCQNRRUj7VgQxH1GWv7gYlRvPRAhaRTeqmFMXI56IQ0oRkpbXnnXkbTHUTXwUkdweH2V3Y2B3GcH8Axa5rFXrlimNRacBTuHCshV98pfTjfCCSehwgxJ2bGtWLkpEopiRrKSk0gSIzxAPdLRGCJOpJuOT8ngvna6MIiEfqGCY/f3RIq4lEPu606OVF9O10bmf7VOooJTN6VhnCgS4smiIGFQRXCUC+xSQbBiQw0IC6r/CnEfCYSVTq+kQ7CnT56F5qFpW6Z9c1SpnedxFMEO2ANVYIMTUAOXoA4aAINH8AxewZvxZLwY78bHpLVg5DPb4I+Mzx/Er5j8</latexit>

The Nature of Inflation
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Strategy

Brute force modeling with perturbation theory


 Cut data to                    to minimize variance and biask < kmax
<latexit sha1_base64="0zgv0bc52q0hZa0YCwklpAr69g4=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFQAvLCOYDkjPsbfaS5Xb3jt09NRz5HzYWitj6X+z8N26SKzTxwcDjvRlm5gUJZ9q47rdTWFldW98obpa2tnd298r7By0dp4rQJol5rDoB1pQzSZuGGU47iaJYBJy2g+hq6rcfqNIslndmnFBf4KFkISPYWOk+ukRRP+spgQR+mvTLFbfqzoCWiZeTCuRo9MtfvUFMUkGlIRxr3fXcxPgZVoYRTielXqppgkmEh7RrqcSCaj+bXT1BJ1YZoDBWtqRBM/X3RIaF1mMR2E6BzUgvelPxP6+bmvDCz5hMUkMlmS8KU45MjKYRoAFTlBg+tgQTxeytiIywwsTYoEo2BG/x5WXSOqt6btW7Pa/Ur/M4inAEx3AKHtSgDjfQgCYQUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDBK+SMg==</latexit><latexit sha1_base64="0zgv0bc52q0hZa0YCwklpAr69g4=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFQAvLCOYDkjPsbfaS5Xb3jt09NRz5HzYWitj6X+z8N26SKzTxwcDjvRlm5gUJZ9q47rdTWFldW98obpa2tnd298r7By0dp4rQJol5rDoB1pQzSZuGGU47iaJYBJy2g+hq6rcfqNIslndmnFBf4KFkISPYWOk+ukRRP+spgQR+mvTLFbfqzoCWiZeTCuRo9MtfvUFMUkGlIRxr3fXcxPgZVoYRTielXqppgkmEh7RrqcSCaj+bXT1BJ1YZoDBWtqRBM/X3RIaF1mMR2E6BzUgvelPxP6+bmvDCz5hMUkMlmS8KU45MjKYRoAFTlBg+tgQTxeytiIywwsTYoEo2BG/x5WXSOqt6btW7Pa/Ur/M4inAEx3AKHtSgDjfQgCYQUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDBK+SMg==</latexit><latexit sha1_base64="0zgv0bc52q0hZa0YCwklpAr69g4=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFQAvLCOYDkjPsbfaS5Xb3jt09NRz5HzYWitj6X+z8N26SKzTxwcDjvRlm5gUJZ9q47rdTWFldW98obpa2tnd298r7By0dp4rQJol5rDoB1pQzSZuGGU47iaJYBJy2g+hq6rcfqNIslndmnFBf4KFkISPYWOk+ukRRP+spgQR+mvTLFbfqzoCWiZeTCuRo9MtfvUFMUkGlIRxr3fXcxPgZVoYRTielXqppgkmEh7RrqcSCaj+bXT1BJ1YZoDBWtqRBM/X3RIaF1mMR2E6BzUgvelPxP6+bmvDCz5hMUkMlmS8KU45MjKYRoAFTlBg+tgQTxeytiIywwsTYoEo2BG/x5WXSOqt6btW7Pa/Ur/M4inAEx3AKHtSgDjfQgCYQUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDBK+SMg==</latexit><latexit sha1_base64="0zgv0bc52q0hZa0YCwklpAr69g4=">AAAB9XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFQAvLCOYDkjPsbfaS5Xb3jt09NRz5HzYWitj6X+z8N26SKzTxwcDjvRlm5gUJZ9q47rdTWFldW98obpa2tnd298r7By0dp4rQJol5rDoB1pQzSZuGGU47iaJYBJy2g+hq6rcfqNIslndmnFBf4KFkISPYWOk+ukRRP+spgQR+mvTLFbfqzoCWiZeTCuRo9MtfvUFMUkGlIRxr3fXcxPgZVoYRTielXqppgkmEh7RrqcSCaj+bXT1BJ1YZoDBWtqRBM/X3RIaF1mMR2E6BzUgvelPxP6+bmvDCz5hMUkMlmS8KU45MjKYRoAFTlBg+tgQTxeytiIywwsTYoEo2BG/x5WXSOqt6btW7Pa/Ur/M4inAEx3AKHtSgDjfQgCYQUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDBK+SMg==</latexit>



Status

First constraints from BOSS


Cabass et al. (2022) D’Amico et al. (2022)

f eq
NL = 260± 300

<latexit sha1_base64="+kfbiAvgp9HAkhCZPJtVFnV3W/g=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCq5Kpom6EohsXIhXsBTpjyaSZNjSZGZOMUIbZuvFV3LhQxK1v4M63MZ12oa0/BD7+cw4n5/djzpRG6Nuam19YXFourBRX19Y3Nu2t7YaKEklonUQ8ki0fK8pZSOuaaU5bsaRY+Jw2/cHFqN58oFKxKLzVw5h6AvdCFjCCtbE6Ngw6qSsFvL7K7nKg9xk8g5Vj5MYCHiLUsUuojHLBWXAmUAIT1Tr2l9uNSCJoqAnHSrUdFGsvxVIzwmlWdBNFY0wGuEfbBkMsqPLS/JIM7hunC4NImhdqmLu/J1IslBoK33QKrPtqujYy/6u1Ex2ceikL40TTkIwXBQmHOoKjWGCXSUo0HxrARDLzV0j6WGKiTXhFE4IzffIsNCplB5Wdm6NS9XwSRwHsgj1wABxwAqrgEtRAHRDwCJ7BK3iznqwX6936GLfOWZOZHfBH1ucPVg+YJQ==</latexit><latexit sha1_base64="+kfbiAvgp9HAkhCZPJtVFnV3W/g=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCq5Kpom6EohsXIhXsBTpjyaSZNjSZGZOMUIbZuvFV3LhQxK1v4M63MZ12oa0/BD7+cw4n5/djzpRG6Nuam19YXFourBRX19Y3Nu2t7YaKEklonUQ8ki0fK8pZSOuaaU5bsaRY+Jw2/cHFqN58oFKxKLzVw5h6AvdCFjCCtbE6Ngw6qSsFvL7K7nKg9xk8g5Vj5MYCHiLUsUuojHLBWXAmUAIT1Tr2l9uNSCJoqAnHSrUdFGsvxVIzwmlWdBNFY0wGuEfbBkMsqPLS/JIM7hunC4NImhdqmLu/J1IslBoK33QKrPtqujYy/6u1Ex2ceikL40TTkIwXBQmHOoKjWGCXSUo0HxrARDLzV0j6WGKiTXhFE4IzffIsNCplB5Wdm6NS9XwSRwHsgj1wABxwAqrgEtRAHRDwCJ7BK3iznqwX6936GLfOWZOZHfBH1ucPVg+YJQ==</latexit><latexit sha1_base64="+kfbiAvgp9HAkhCZPJtVFnV3W/g=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCq5Kpom6EohsXIhXsBTpjyaSZNjSZGZOMUIbZuvFV3LhQxK1v4M63MZ12oa0/BD7+cw4n5/djzpRG6Nuam19YXFourBRX19Y3Nu2t7YaKEklonUQ8ki0fK8pZSOuaaU5bsaRY+Jw2/cHFqN58oFKxKLzVw5h6AvdCFjCCtbE6Ngw6qSsFvL7K7nKg9xk8g5Vj5MYCHiLUsUuojHLBWXAmUAIT1Tr2l9uNSCJoqAnHSrUdFGsvxVIzwmlWdBNFY0wGuEfbBkMsqPLS/JIM7hunC4NImhdqmLu/J1IslBoK33QKrPtqujYy/6u1Ex2ceikL40TTkIwXBQmHOoKjWGCXSUo0HxrARDLzV0j6WGKiTXhFE4IzffIsNCplB5Wdm6NS9XwSRwHsgj1wABxwAqrgEtRAHRDwCJ7BK3iznqwX6936GLfOWZOZHfBH1ucPVg+YJQ==</latexit><latexit sha1_base64="+kfbiAvgp9HAkhCZPJtVFnV3W/g=">AAACCXicbZDLSgMxFIYzXmu9jbp0EyyCq5Kpom6EohsXIhXsBTpjyaSZNjSZGZOMUIbZuvFV3LhQxK1v4M63MZ12oa0/BD7+cw4n5/djzpRG6Nuam19YXFourBRX19Y3Nu2t7YaKEklonUQ8ki0fK8pZSOuaaU5bsaRY+Jw2/cHFqN58oFKxKLzVw5h6AvdCFjCCtbE6Ngw6qSsFvL7K7nKg9xk8g5Vj5MYCHiLUsUuojHLBWXAmUAIT1Tr2l9uNSCJoqAnHSrUdFGsvxVIzwmlWdBNFY0wGuEfbBkMsqPLS/JIM7hunC4NImhdqmLu/J1IslBoK33QKrPtqujYy/6u1Ex2ceikL40TTkIwXBQmHOoKjWGCXSUo0HxrARDLzV0j6WGKiTXhFE4IzffIsNCplB5Wdm6NS9XwSRwHsgj1wABxwAqrgEtRAHRDwCJ7BK3iznqwX6936GLfOWZOZHfBH1ucPVg+YJQ==</latexit>

f eq
NL = 2± 212

<latexit sha1_base64="IKawzW2QTCYqU66KTfzsAu0+R0Q=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuCpJEXQjFN24EKlgL9DEMJlO2qEzSZyZCCVk58ZXceNCEbe+gjvfxmmahbb+MPDxn3M4c34/ZlQqy/o2SguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6mNQ7D0RIGoW3ahwTl6NBSAOKkdKWZ+4HXuoIDq+vsrscyH0Gz2DdiTms23XPrFo1KxecB7uAKijU9Mwvpx/hhJNQYYak7NlWrNwUCUUxI1nFSSSJER6hAelpDBEn0k3zOzJ4qJ0+DCKhX6hg7v6eSBGXcsx93cmRGsrZ2sT8r9ZLVHDqpjSME0VCPF0UJAyqCE5CgX0qCFZsrAFhQfVfIR4igbDS0VV0CPbsyfPQrtdsq2bfHFcb50UcZbAHDsARsMEJaIBL0AQtgMEjeAav4M14Ml6Md+Nj2loyipld8EfG5w9hI5et</latexit><latexit sha1_base64="IKawzW2QTCYqU66KTfzsAu0+R0Q=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuCpJEXQjFN24EKlgL9DEMJlO2qEzSZyZCCVk58ZXceNCEbe+gjvfxmmahbb+MPDxn3M4c34/ZlQqy/o2SguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6mNQ7D0RIGoW3ahwTl6NBSAOKkdKWZ+4HXuoIDq+vsrscyH0Gz2DdiTms23XPrFo1KxecB7uAKijU9Mwvpx/hhJNQYYak7NlWrNwUCUUxI1nFSSSJER6hAelpDBEn0k3zOzJ4qJ0+DCKhX6hg7v6eSBGXcsx93cmRGsrZ2sT8r9ZLVHDqpjSME0VCPF0UJAyqCE5CgX0qCFZsrAFhQfVfIR4igbDS0VV0CPbsyfPQrtdsq2bfHFcb50UcZbAHDsARsMEJaIBL0AQtgMEjeAav4M14Ml6Md+Nj2loyipld8EfG5w9hI5et</latexit><latexit sha1_base64="IKawzW2QTCYqU66KTfzsAu0+R0Q=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuCpJEXQjFN24EKlgL9DEMJlO2qEzSZyZCCVk58ZXceNCEbe+gjvfxmmahbb+MPDxn3M4c34/ZlQqy/o2SguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6mNQ7D0RIGoW3ahwTl6NBSAOKkdKWZ+4HXuoIDq+vsrscyH0Gz2DdiTms23XPrFo1KxecB7uAKijU9Mwvpx/hhJNQYYak7NlWrNwUCUUxI1nFSSSJER6hAelpDBEn0k3zOzJ4qJ0+DCKhX6hg7v6eSBGXcsx93cmRGsrZ2sT8r9ZLVHDqpjSME0VCPF0UJAyqCE5CgX0qCFZsrAFhQfVfIR4igbDS0VV0CPbsyfPQrtdsq2bfHFcb50UcZbAHDsARsMEJaIBL0AQtgMEjeAav4M14Ml6Md+Nj2loyipld8EfG5w9hI5et</latexit><latexit sha1_base64="IKawzW2QTCYqU66KTfzsAu0+R0Q=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuCpJEXQjFN24EKlgL9DEMJlO2qEzSZyZCCVk58ZXceNCEbe+gjvfxmmahbb+MPDxn3M4c34/ZlQqy/o2SguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6mNQ7D0RIGoW3ahwTl6NBSAOKkdKWZ+4HXuoIDq+vsrscyH0Gz2DdiTms23XPrFo1KxecB7uAKijU9Mwvpx/hhJNQYYak7NlWrNwUCUUxI1nFSSSJER6hAelpDBEn0k3zOzJ4qJ0+DCKhX6hg7v6eSBGXcsx93cmRGsrZ2sT8r9ZLVHDqpjSME0VCPF0UJAyqCE5CgX0qCFZsrAFhQfVfIR4igbDS0VV0CPbsyfPQrtdsq2bfHFcb50UcZbAHDsARsMEJaIBL0AQtgMEjeAav4M14Ml6Md+Nj2loyipld8EfG5w9hI5et</latexit>



Status

Published Forecasts for future surveys


Euclid Spec:


Euclid (w. WL)


PUMA


MegaMapper:

�(f eq
NL) = 7.5

<latexit sha1_base64="cKzDSzzmUc4ODObkaaHslWn0lJo=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZRElLoRCoK4EKlgL9DEMJlO2qEzSZyZCCVk7cZXceNCEbc+gTvfxmmbhbb+MPDxn3M4c34/ZlQqy/o25uYXFpeWCyvF1bX1jU1za7spo0Rg0sARi0TbR5IwGpKGooqRdiwI4j4jLX9wPqq3HoiQNApv1TAmLke9kAYUI6Utz9xzJO1xVA681BEcXl9ld2Mg99khPIPVyolnlqyKNRacBTuHEshV98wvpxvhhJNQYYak7NhWrNwUCUUxI1nRSSSJER6gHuloDBEn0k3Hp2TwQDtdGERCv1DBsft7IkVcyiH3dSdHqi+nayPzv1onUcGpm9IwThQJ8WRRkDCoIjjKBXapIFixoQaEBdV/hbiPBMJKp1fUIdjTJ89C86hiWxX75rhUu8jjKIBdsA/KwAZVUAOXoA4aAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/QjZkH</latexit><latexit sha1_base64="cKzDSzzmUc4ODObkaaHslWn0lJo=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZRElLoRCoK4EKlgL9DEMJlO2qEzSZyZCCVk7cZXceNCEbc+gTvfxmmbhbb+MPDxn3M4c34/ZlQqy/o25uYXFpeWCyvF1bX1jU1za7spo0Rg0sARi0TbR5IwGpKGooqRdiwI4j4jLX9wPqq3HoiQNApv1TAmLke9kAYUI6Utz9xzJO1xVA681BEcXl9ld2Mg99khPIPVyolnlqyKNRacBTuHEshV98wvpxvhhJNQYYak7NhWrNwUCUUxI1nRSSSJER6gHuloDBEn0k3Hp2TwQDtdGERCv1DBsft7IkVcyiH3dSdHqi+nayPzv1onUcGpm9IwThQJ8WRRkDCoIjjKBXapIFixoQaEBdV/hbiPBMJKp1fUIdjTJ89C86hiWxX75rhUu8jjKIBdsA/KwAZVUAOXoA4aAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/QjZkH</latexit><latexit sha1_base64="cKzDSzzmUc4ODObkaaHslWn0lJo=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZRElLoRCoK4EKlgL9DEMJlO2qEzSZyZCCVk7cZXceNCEbc+gTvfxmmbhbb+MPDxn3M4c34/ZlQqy/o25uYXFpeWCyvF1bX1jU1za7spo0Rg0sARi0TbR5IwGpKGooqRdiwI4j4jLX9wPqq3HoiQNApv1TAmLke9kAYUI6Utz9xzJO1xVA681BEcXl9ld2Mg99khPIPVyolnlqyKNRacBTuHEshV98wvpxvhhJNQYYak7NhWrNwUCUUxI1nRSSSJER6gHuloDBEn0k3Hp2TwQDtdGERCv1DBsft7IkVcyiH3dSdHqi+nayPzv1onUcGpm9IwThQJ8WRRkDCoIjjKBXapIFixoQaEBdV/hbiPBMJKp1fUIdjTJ89C86hiWxX75rhUu8jjKIBdsA/KwAZVUAOXoA4aAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/QjZkH</latexit><latexit sha1_base64="cKzDSzzmUc4ODObkaaHslWn0lJo=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZRElLoRCoK4EKlgL9DEMJlO2qEzSZyZCCVk7cZXceNCEbc+gTvfxmmbhbb+MPDxn3M4c34/ZlQqy/o25uYXFpeWCyvF1bX1jU1za7spo0Rg0sARi0TbR5IwGpKGooqRdiwI4j4jLX9wPqq3HoiQNApv1TAmLke9kAYUI6Utz9xzJO1xVA681BEcXl9ld2Mg99khPIPVyolnlqyKNRacBTuHEshV98wvpxvhhJNQYYak7NhWrNwUCUUxI1nRSSSJER6gHuloDBEn0k3Hp2TwQDtdGERCv1DBsft7IkVcyiH3dSdHqi+nayPzv1onUcGpm9IwThQJ8WRRkDCoIjjKBXapIFixoQaEBdV/hbiPBMJKp1fUIdjTJ89C86hiWxX75rhUu8jjKIBdsA/KwAZVUAOXoA4aAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/QjZkH</latexit>

�(f eq
NL) = 4.5

<latexit sha1_base64="Ago7z6hHHl6UianCAvaw0KvD2uQ=">AAACCnicbZDLSsNAFIYnXmu9VV26GS1C3YREKroRCoK4EKlgL9DEMJlO2qEzSZyZCCV07cZXceNCEbc+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o25uYXFpeWCyvF1bX1jc3S1nZTRonApIEjFom2jyRhNCQNRRUj7VgQxH1GWv7gfFxvPRAhaRTeqmFMXI56IQ0oRkpbXmnPkbTHUSXwUkdweH01usuA3I8O4RmsmsdeqWyZViY4C3YOZZCr7pW+nG6EE05ChRmSsmNbsXJTJBTFjIyKTiJJjPAA9UhHY4g4kW6anTKCB9rpwiAS+oUKZu7viRRxKYfc150cqb6cro3N/2qdRAWnbkrDOFEkxJNFQcKgiuA4F9ilgmDFhhoQFlT/FeI+EggrnV5Rh2BPnzwLzSPTtkz7plquXeRxFMAu2AcVYIMTUAOXoA4aAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/L+5kE</latexit><latexit sha1_base64="Ago7z6hHHl6UianCAvaw0KvD2uQ=">AAACCnicbZDLSsNAFIYnXmu9VV26GS1C3YREKroRCoK4EKlgL9DEMJlO2qEzSZyZCCV07cZXceNCEbc+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o25uYXFpeWCyvF1bX1jc3S1nZTRonApIEjFom2jyRhNCQNRRUj7VgQxH1GWv7gfFxvPRAhaRTeqmFMXI56IQ0oRkpbXmnPkbTHUSXwUkdweH01usuA3I8O4RmsmsdeqWyZViY4C3YOZZCr7pW+nG6EE05ChRmSsmNbsXJTJBTFjIyKTiJJjPAA9UhHY4g4kW6anTKCB9rpwiAS+oUKZu7viRRxKYfc150cqb6cro3N/2qdRAWnbkrDOFEkxJNFQcKgiuA4F9ilgmDFhhoQFlT/FeI+EggrnV5Rh2BPnzwLzSPTtkz7plquXeRxFMAu2AcVYIMTUAOXoA4aAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/L+5kE</latexit><latexit sha1_base64="Ago7z6hHHl6UianCAvaw0KvD2uQ=">AAACCnicbZDLSsNAFIYnXmu9VV26GS1C3YREKroRCoK4EKlgL9DEMJlO2qEzSZyZCCV07cZXceNCEbc+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o25uYXFpeWCyvF1bX1jc3S1nZTRonApIEjFom2jyRhNCQNRRUj7VgQxH1GWv7gfFxvPRAhaRTeqmFMXI56IQ0oRkpbXmnPkbTHUSXwUkdweH01usuA3I8O4RmsmsdeqWyZViY4C3YOZZCr7pW+nG6EE05ChRmSsmNbsXJTJBTFjIyKTiJJjPAA9UhHY4g4kW6anTKCB9rpwiAS+oUKZu7viRRxKYfc150cqb6cro3N/2qdRAWnbkrDOFEkxJNFQcKgiuA4F9ilgmDFhhoQFlT/FeI+EggrnV5Rh2BPnzwLzSPTtkz7plquXeRxFMAu2AcVYIMTUAOXoA4aAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/L+5kE</latexit><latexit sha1_base64="Ago7z6hHHl6UianCAvaw0KvD2uQ=">AAACCnicbZDLSsNAFIYnXmu9VV26GS1C3YREKroRCoK4EKlgL9DEMJlO2qEzSZyZCCV07cZXceNCEbc+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o25uYXFpeWCyvF1bX1jc3S1nZTRonApIEjFom2jyRhNCQNRRUj7VgQxH1GWv7gfFxvPRAhaRTeqmFMXI56IQ0oRkpbXmnPkbTHUSXwUkdweH01usuA3I8O4RmsmsdeqWyZViY4C3YOZZCr7pW+nG6EE05ChRmSsmNbsXJTJBTFjIyKTiJJjPAA9UhHY4g4kW6anTKCB9rpwiAS+oUKZu7viRRxKYfc150cqb6cro3N/2qdRAWnbkrDOFEkxJNFQcKgiuA4F9ilgmDFhhoQFlT/FeI+EggrnV5Rh2BPnzwLzSPTtkz7plquXeRxFMAu2AcVYIMTUAOXoA4aAINH8AxewZvxZLwY78bHpHXOyGd2wB8Znz/L+5kE</latexit>

�(f eq
NL) = 35

<latexit sha1_base64="kO+3QZj79c+KHjQvppLuY0pIcz0=">AAACCXicbZDLSsNAFIYn9VbrLerSzWAR6qYkXtCNUBDEhUgFe4Emlsl00g6dSeLMRCghWze+ihsXirj1Ddz5Nk7TLLT1h4GP/5zDmfN7EaNSWda3UZibX1hcKi6XVlbX1jfMza2mDGOBSQOHLBRtD0nCaEAaiipG2pEgiHuMtLzh+bjeeiBC0jC4VaOIuBz1A+pTjJS2uiZ0JO1zVPG7iSM4vL5K7zIg9+k+PIOHx12zbFWtTHAW7BzKIFe9a345vRDHnAQKMyRlx7Yi5SZIKIoZSUtOLEmE8BD1SUdjgDiRbpJdksI97fSgHwr9AgUz9/dEgriUI+7pTo7UQE7XxuZ/tU6s/FM3oUEUKxLgySI/ZlCFcBwL7FFBsGIjDQgLqv8K8QAJhJUOr6RDsKdPnoXmQdW2qvbNUbl2kcdRBDtgF1SADU5ADVyCOmgADB7BM3gFb8aT8WK8Gx+T1oKRz2yDPzI+fwBUp5jL</latexit><latexit sha1_base64="kO+3QZj79c+KHjQvppLuY0pIcz0=">AAACCXicbZDLSsNAFIYn9VbrLerSzWAR6qYkXtCNUBDEhUgFe4Emlsl00g6dSeLMRCghWze+ihsXirj1Ddz5Nk7TLLT1h4GP/5zDmfN7EaNSWda3UZibX1hcKi6XVlbX1jfMza2mDGOBSQOHLBRtD0nCaEAaiipG2pEgiHuMtLzh+bjeeiBC0jC4VaOIuBz1A+pTjJS2uiZ0JO1zVPG7iSM4vL5K7zIg9+k+PIOHx12zbFWtTHAW7BzKIFe9a345vRDHnAQKMyRlx7Yi5SZIKIoZSUtOLEmE8BD1SUdjgDiRbpJdksI97fSgHwr9AgUz9/dEgriUI+7pTo7UQE7XxuZ/tU6s/FM3oUEUKxLgySI/ZlCFcBwL7FFBsGIjDQgLqv8K8QAJhJUOr6RDsKdPnoXmQdW2qvbNUbl2kcdRBDtgF1SADU5ADVyCOmgADB7BM3gFb8aT8WK8Gx+T1oKRz2yDPzI+fwBUp5jL</latexit><latexit sha1_base64="kO+3QZj79c+KHjQvppLuY0pIcz0=">AAACCXicbZDLSsNAFIYn9VbrLerSzWAR6qYkXtCNUBDEhUgFe4Emlsl00g6dSeLMRCghWze+ihsXirj1Ddz5Nk7TLLT1h4GP/5zDmfN7EaNSWda3UZibX1hcKi6XVlbX1jfMza2mDGOBSQOHLBRtD0nCaEAaiipG2pEgiHuMtLzh+bjeeiBC0jC4VaOIuBz1A+pTjJS2uiZ0JO1zVPG7iSM4vL5K7zIg9+k+PIOHx12zbFWtTHAW7BzKIFe9a345vRDHnAQKMyRlx7Yi5SZIKIoZSUtOLEmE8BD1SUdjgDiRbpJdksI97fSgHwr9AgUz9/dEgriUI+7pTo7UQE7XxuZ/tU6s/FM3oUEUKxLgySI/ZlCFcBwL7FFBsGIjDQgLqv8K8QAJhJUOr6RDsKdPnoXmQdW2qvbNUbl2kcdRBDtgF1SADU5ADVyCOmgADB7BM3gFb8aT8WK8Gx+T1oKRz2yDPzI+fwBUp5jL</latexit><latexit sha1_base64="kO+3QZj79c+KHjQvppLuY0pIcz0=">AAACCXicbZDLSsNAFIYn9VbrLerSzWAR6qYkXtCNUBDEhUgFe4Emlsl00g6dSeLMRCghWze+ihsXirj1Ddz5Nk7TLLT1h4GP/5zDmfN7EaNSWda3UZibX1hcKi6XVlbX1jfMza2mDGOBSQOHLBRtD0nCaEAaiipG2pEgiHuMtLzh+bjeeiBC0jC4VaOIuBz1A+pTjJS2uiZ0JO1zVPG7iSM4vL5K7zIg9+k+PIOHx12zbFWtTHAW7BzKIFe9a345vRDHnAQKMyRlx7Yi5SZIKIoZSUtOLEmE8BD1SUdjgDiRbpJdksI97fSgHwr9AgUz9/dEgriUI+7pTo7UQE7XxuZ/tU6s/FM3oUEUKxLgySI/ZlCFcBwL7FFBsGIjDQgLqv8K8QAJhJUOr6RDsKdPnoXmQdW2qvbNUbl2kcdRBDtgF1SADU5ADVyCOmgADB7BM3gFb8aT8WK8Gx+T1oKRz2yDPzI+fwBUp5jL</latexit>

�(f eq
NL) = 14

<latexit sha1_base64="kQfRYZxXUwA1PPCaPUn87ehg3+s=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRECroRCoK4EKlgL9DEMJlO2qEzSZyZCCVk68ZXceNCEbe+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o2FhaXlldWS2vl9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90Pql3HoiQNApv1TgmLkeDkAYUI6Utz4SOpAOOqoGXOoLD66vsLgdynx3BM2jXPbNi1axccB7sAiqgUNMzv5x+hBNOQoUZkrJnW7FyUyQUxYxkZSeRJEZ4hAakpzFEnEg3zS/J4KF2+jCIhH6hgrn7eyJFXMox93UnR2ooZ2sT879aL1HBqZvSME4UCfF0UZAwqCI4iQX2qSBYsbEGhAXVf4V4iATCSodX1iHYsyfPQ/u4Zls1+6ZeaVwUcZTAPjgAVWCDE9AAl6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShm9sAfGZ8/UBmYyA==</latexit><latexit sha1_base64="kQfRYZxXUwA1PPCaPUn87ehg3+s=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRECroRCoK4EKlgL9DEMJlO2qEzSZyZCCVk68ZXceNCEbe+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o2FhaXlldWS2vl9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90Pql3HoiQNApv1TgmLkeDkAYUI6Utz4SOpAOOqoGXOoLD66vsLgdynx3BM2jXPbNi1axccB7sAiqgUNMzv5x+hBNOQoUZkrJnW7FyUyQUxYxkZSeRJEZ4hAakpzFEnEg3zS/J4KF2+jCIhH6hgrn7eyJFXMox93UnR2ooZ2sT879aL1HBqZvSME4UCfF0UZAwqCI4iQX2qSBYsbEGhAXVf4V4iATCSodX1iHYsyfPQ/u4Zls1+6ZeaVwUcZTAPjgAVWCDE9AAl6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShm9sAfGZ8/UBmYyA==</latexit><latexit sha1_base64="kQfRYZxXUwA1PPCaPUn87ehg3+s=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRECroRCoK4EKlgL9DEMJlO2qEzSZyZCCVk68ZXceNCEbe+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o2FhaXlldWS2vl9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90Pql3HoiQNApv1TgmLkeDkAYUI6Utz4SOpAOOqoGXOoLD66vsLgdynx3BM2jXPbNi1axccB7sAiqgUNMzv5x+hBNOQoUZkrJnW7FyUyQUxYxkZSeRJEZ4hAakpzFEnEg3zS/J4KF2+jCIhH6hgrn7eyJFXMox93UnR2ooZ2sT879aL1HBqZvSME4UCfF0UZAwqCI4iQX2qSBYsbEGhAXVf4V4iATCSodX1iHYsyfPQ/u4Zls1+6ZeaVwUcZTAPjgAVWCDE9AAl6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShm9sAfGZ8/UBmYyA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="gQ0QQJxYD7M78TNGaS/UNcy5NXs=">AAAB/nicbZBPS8MwGMbf+nfOqdWrl+AQ5mW0IuhFELx4EJng/sBWS5qlW1jS1iQVRunVi1/FiwdF/Bje/DZm3Q66+UDgx/MkvHmfIOFMacf5tpaWV1bX1ksb5c3K1vaOvVtpqTiVhDZJzGPZCbCinEW0qZnmtJNIikXAaTsYXU7y9iOVisXRnR4n1BN4ELGQEayN5duop9hA4FroZz0p0M11fl8AfciP0DlyT3y76tSdQmgR3BlUYaaGb3/1+jFJBY004Viprusk2suw1Ixwmpd7qaIJJiM8oF2DERZUeVmxSY4OjdNHYSzNiTQq3N8vMiyUGovA3BRYD9V8NjH/y7qpDs+8jEVJqmlEpoPClCMdo0ktqM8kJZqPDWAimfkrIkMsMdGmvLIpwZ1feRFax3XXqbu3DpRgHw6gBi6cwgVcQQOaQOAJXuAN3q1n69X6mNa1ZM1624M/sj5/AL6Gl1A=</latexit><latexit sha1_base64="gQ0QQJxYD7M78TNGaS/UNcy5NXs=">AAAB/nicbZBPS8MwGMbf+nfOqdWrl+AQ5mW0IuhFELx4EJng/sBWS5qlW1jS1iQVRunVi1/FiwdF/Bje/DZm3Q66+UDgx/MkvHmfIOFMacf5tpaWV1bX1ksb5c3K1vaOvVtpqTiVhDZJzGPZCbCinEW0qZnmtJNIikXAaTsYXU7y9iOVisXRnR4n1BN4ELGQEayN5duop9hA4FroZz0p0M11fl8AfciP0DlyT3y76tSdQmgR3BlUYaaGb3/1+jFJBY004Viprusk2suw1Ixwmpd7qaIJJiM8oF2DERZUeVmxSY4OjdNHYSzNiTQq3N8vMiyUGovA3BRYD9V8NjH/y7qpDs+8jEVJqmlEpoPClCMdo0ktqM8kJZqPDWAimfkrIkMsMdGmvLIpwZ1feRFax3XXqbu3DpRgHw6gBi6cwgVcQQOaQOAJXuAN3q1n69X6mNa1ZM1624M/sj5/AL6Gl1A=</latexit><latexit sha1_base64="w8vB99FYtVmbiCjzQ7bu0K11Cdc=">AAACCXicbZDLSsNAFIYn9VbrLerSzWAR6qYkIuhGKAjiQqSCvUATw2Q6aYfOJHFmIpSQrRtfxY0LRdz6Bu58G6dpFtr6w8DHf87hzPn9mFGpLOvbKC0sLi2vlFcra+sbm1vm9k5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv7ofFLvPBAhaRTeqnFMXI4GIQ0oRkpbngkdSQcc1QIvdQSH11fZXQ7kPjuEZ9A+9syqVbdywXmwC6iCQk3P/HL6EU44CRVmSMqebcXKTZFQFDOSVZxEkhjhERqQnsYQcSLdNL8kgwfa6cMgEvqFCubu74kUcSnH3NedHKmhnK1NzP9qvUQFp25KwzhRJMTTRUHCoIrgJBbYp4JgxcYaEBZU/xXiIRIIKx1eRYdgz548D+2jum3V7Rur2rgo4iiDPbAPasAGJ6ABLkETtAAGj+AZvII348l4Md6Nj2lryShmdsEfGZ8/TtmYxA==</latexit><latexit sha1_base64="kQfRYZxXUwA1PPCaPUn87ehg3+s=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRECroRCoK4EKlgL9DEMJlO2qEzSZyZCCVk68ZXceNCEbe+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o2FhaXlldWS2vl9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90Pql3HoiQNApv1TgmLkeDkAYUI6Utz4SOpAOOqoGXOoLD66vsLgdynx3BM2jXPbNi1axccB7sAiqgUNMzv5x+hBNOQoUZkrJnW7FyUyQUxYxkZSeRJEZ4hAakpzFEnEg3zS/J4KF2+jCIhH6hgrn7eyJFXMox93UnR2ooZ2sT879aL1HBqZvSME4UCfF0UZAwqCI4iQX2qSBYsbEGhAXVf4V4iATCSodX1iHYsyfPQ/u4Zls1+6ZeaVwUcZTAPjgAVWCDE9AAl6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShm9sAfGZ8/UBmYyA==</latexit><latexit sha1_base64="kQfRYZxXUwA1PPCaPUn87ehg3+s=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRECroRCoK4EKlgL9DEMJlO2qEzSZyZCCVk68ZXceNCEbe+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o2FhaXlldWS2vl9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90Pql3HoiQNApv1TgmLkeDkAYUI6Utz4SOpAOOqoGXOoLD66vsLgdynx3BM2jXPbNi1axccB7sAiqgUNMzv5x+hBNOQoUZkrJnW7FyUyQUxYxkZSeRJEZ4hAakpzFEnEg3zS/J4KF2+jCIhH6hgrn7eyJFXMox93UnR2ooZ2sT879aL1HBqZvSME4UCfF0UZAwqCI4iQX2qSBYsbEGhAXVf4V4iATCSodX1iHYsyfPQ/u4Zls1+6ZeaVwUcZTAPjgAVWCDE9AAl6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShm9sAfGZ8/UBmYyA==</latexit><latexit sha1_base64="kQfRYZxXUwA1PPCaPUn87ehg3+s=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRECroRCoK4EKlgL9DEMJlO2qEzSZyZCCVk68ZXceNCEbe+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o2FhaXlldWS2vl9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90Pql3HoiQNApv1TgmLkeDkAYUI6Utz4SOpAOOqoGXOoLD66vsLgdynx3BM2jXPbNi1axccB7sAiqgUNMzv5x+hBNOQoUZkrJnW7FyUyQUxYxkZSeRJEZ4hAakpzFEnEg3zS/J4KF2+jCIhH6hgrn7eyJFXMox93UnR2ooZ2sT879aL1HBqZvSME4UCfF0UZAwqCI4iQX2qSBYsbEGhAXVf4V4iATCSodX1iHYsyfPQ/u4Zls1+6ZeaVwUcZTAPjgAVWCDE9AAl6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShm9sAfGZ8/UBmYyA==</latexit><latexit sha1_base64="kQfRYZxXUwA1PPCaPUn87ehg3+s=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRECroRCoK4EKlgL9DEMJlO2qEzSZyZCCVk68ZXceNCEbe+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o2FhaXlldWS2vl9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90Pql3HoiQNApv1TgmLkeDkAYUI6Utz4SOpAOOqoGXOoLD66vsLgdynx3BM2jXPbNi1axccB7sAiqgUNMzv5x+hBNOQoUZkrJnW7FyUyQUxYxkZSeRJEZ4hAakpzFEnEg3zS/J4KF2+jCIhH6hgrn7eyJFXMox93UnR2ooZ2sT879aL1HBqZvSME4UCfF0UZAwqCI4iQX2qSBYsbEGhAXVf4V4iATCSodX1iHYsyfPQ/u4Zls1+6ZeaVwUcZTAPjgAVWCDE9AAl6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShm9sAfGZ8/UBmYyA==</latexit><latexit sha1_base64="kQfRYZxXUwA1PPCaPUn87ehg3+s=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRECroRCoK4EKlgL9DEMJlO2qEzSZyZCCVk68ZXceNCEbe+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o2FhaXlldWS2vl9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90Pql3HoiQNApv1TgmLkeDkAYUI6Utz4SOpAOOqoGXOoLD66vsLgdynx3BM2jXPbNi1axccB7sAiqgUNMzv5x+hBNOQoUZkrJnW7FyUyQUxYxkZSeRJEZ4hAakpzFEnEg3zS/J4KF2+jCIhH6hgrn7eyJFXMox93UnR2ooZ2sT879aL1HBqZvSME4UCfF0UZAwqCI4iQX2qSBYsbEGhAXVf4V4iATCSodX1iHYsyfPQ/u4Zls1+6ZeaVwUcZTAPjgAVWCDE9AAl6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShm9sAfGZ8/UBmYyA==</latexit><latexit sha1_base64="kQfRYZxXUwA1PPCaPUn87ehg3+s=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRECroRCoK4EKlgL9DEMJlO2qEzSZyZCCVk68ZXceNCEbe+gTvfxmmahbb+MPDxn3M4c34/ZlQqy/o2FhaXlldWS2vl9Y3NrW1zZ7cto0Rg0sIRi0TXR5IwGpKWooqRbiwI4j4jHX90Pql3HoiQNApv1TgmLkeDkAYUI6Utz4SOpAOOqoGXOoLD66vsLgdynx3BM2jXPbNi1axccB7sAiqgUNMzv5x+hBNOQoUZkrJnW7FyUyQUxYxkZSeRJEZ4hAakpzFEnEg3zS/J4KF2+jCIhH6hgrn7eyJFXMox93UnR2ooZ2sT879aL1HBqZvSME4UCfF0UZAwqCI4iQX2qSBYsbEGhAXVf4V4iATCSodX1iHYsyfPQ/u4Zls1+6ZeaVwUcZTAPjgAVWCDE9AAl6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShm9sAfGZ8/UBmYyA==</latexit>

kmax = 0.2 at z = 3
<latexit sha1_base64="2nYvvcGR7NUg1aSYpdlIpFiTSak=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBQsJuFLQJBLSwjGAukCzL7GSSDJnZXWbOinHJC9j4KjYWitja2/k2zm5SaOIPAx//OYcz5/cjwTXY9re1sLi0vLKaW8uvb2xubRd2dhs6jBVldRqKULV8opngAasDB8FakWJE+oI1/eFlWm/eMaV5GNzCKGKuJP2A9zglYCyvcDj0ko6SWJL7Ma5gu1TGnROcWQTGKT9UTr1C0S7ZmfA8OFMooqlqXuGr0w1pLFkAVBCt244dgZsQBZwKNs53Ys0iQoekz9oGAyKZdpPsmjE+Mk4X90JlXgA4c39PJERqPZK+6ZQEBnq2lpr/1dox9C7chAdRDCygk0W9WGAIcRoN7nLFKIiRAUIVN3/FdEAUoWACzJsQnNmT56FRLjl2ybk5K1avpnHk0D46QMfIQeeoiq5RDdURRY/oGb2iN+vJerHerY9J64I1ndlDf2R9/gBQY5kn</latexit><latexit sha1_base64="2nYvvcGR7NUg1aSYpdlIpFiTSak=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBQsJuFLQJBLSwjGAukCzL7GSSDJnZXWbOinHJC9j4KjYWitja2/k2zm5SaOIPAx//OYcz5/cjwTXY9re1sLi0vLKaW8uvb2xubRd2dhs6jBVldRqKULV8opngAasDB8FakWJE+oI1/eFlWm/eMaV5GNzCKGKuJP2A9zglYCyvcDj0ko6SWJL7Ma5gu1TGnROcWQTGKT9UTr1C0S7ZmfA8OFMooqlqXuGr0w1pLFkAVBCt244dgZsQBZwKNs53Ys0iQoekz9oGAyKZdpPsmjE+Mk4X90JlXgA4c39PJERqPZK+6ZQEBnq2lpr/1dox9C7chAdRDCygk0W9WGAIcRoN7nLFKIiRAUIVN3/FdEAUoWACzJsQnNmT56FRLjl2ybk5K1avpnHk0D46QMfIQeeoiq5RDdURRY/oGb2iN+vJerHerY9J64I1ndlDf2R9/gBQY5kn</latexit><latexit sha1_base64="2nYvvcGR7NUg1aSYpdlIpFiTSak=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBQsJuFLQJBLSwjGAukCzL7GSSDJnZXWbOinHJC9j4KjYWitja2/k2zm5SaOIPAx//OYcz5/cjwTXY9re1sLi0vLKaW8uvb2xubRd2dhs6jBVldRqKULV8opngAasDB8FakWJE+oI1/eFlWm/eMaV5GNzCKGKuJP2A9zglYCyvcDj0ko6SWJL7Ma5gu1TGnROcWQTGKT9UTr1C0S7ZmfA8OFMooqlqXuGr0w1pLFkAVBCt244dgZsQBZwKNs53Ys0iQoekz9oGAyKZdpPsmjE+Mk4X90JlXgA4c39PJERqPZK+6ZQEBnq2lpr/1dox9C7chAdRDCygk0W9WGAIcRoN7nLFKIiRAUIVN3/FdEAUoWACzJsQnNmT56FRLjl2ybk5K1avpnHk0D46QMfIQeeoiq5RDdURRY/oGb2iN+vJerHerY9J64I1ndlDf2R9/gBQY5kn</latexit><latexit sha1_base64="2nYvvcGR7NUg1aSYpdlIpFiTSak=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBQsJuFLQJBLSwjGAukCzL7GSSDJnZXWbOinHJC9j4KjYWitja2/k2zm5SaOIPAx//OYcz5/cjwTXY9re1sLi0vLKaW8uvb2xubRd2dhs6jBVldRqKULV8opngAasDB8FakWJE+oI1/eFlWm/eMaV5GNzCKGKuJP2A9zglYCyvcDj0ko6SWJL7Ma5gu1TGnROcWQTGKT9UTr1C0S7ZmfA8OFMooqlqXuGr0w1pLFkAVBCt244dgZsQBZwKNs53Ys0iQoekz9oGAyKZdpPsmjE+Mk4X90JlXgA4c39PJERqPZK+6ZQEBnq2lpr/1dox9C7chAdRDCygk0W9WGAIcRoN7nLFKIiRAUIVN3/FdEAUoWACzJsQnNmT56FRLjl2ybk5K1avpnHk0D46QMfIQeeoiq5RDdURRY/oGb2iN+vJerHerY9J64I1ndlDf2R9/gBQY5kn</latexit>

kmax = 0.1hMpc�1/D(z)
<latexit sha1_base64="/Tl/ZcCdbLDLfCOixtrhQ9pGG34=">AAACGHicbVDLSgMxFM3UV62vUZdugkWooO2MCLoRCnbhRqhgH9COQyZN29AkMyQZsQ7zGW78FTcuFHHbnX9j+lho9cC9HM65l+SeIGJUacf5sjILi0vLK9nV3Nr6xuaWvb1TV2EsManhkIWyGSBFGBWkpqlmpBlJgnjASCMYXI79xj2RiobiVg8j4nHUE7RLMdJG8u3SwE/akkOOHlJ4AZ2iC9tHsD9uE/06wuldcuymsAQrhcdD3847RWcC+Je4M5IHM1R9e9TuhDjmRGjMkFIt14m0lyCpKWYkzbVjRSKEB6hHWoYKxInykslhKTwwSgd2Q2lKaDhRf24kiCs15IGZ5Ej31bw3Fv/zWrHunnsJFVGsicDTh7oxgzqE45Rgh0qCNRsagrCk5q8Q95FEWJsscyYEd/7kv6R+UnRNnjen+XJlFkcW7IF9UAAuOANlcAWqoAYweAIv4A28W8/Wq/VhfU5HM9ZsZxf8gjX6BvK+nI8=</latexit><latexit sha1_base64="/Tl/ZcCdbLDLfCOixtrhQ9pGG34=">AAACGHicbVDLSgMxFM3UV62vUZdugkWooO2MCLoRCnbhRqhgH9COQyZN29AkMyQZsQ7zGW78FTcuFHHbnX9j+lho9cC9HM65l+SeIGJUacf5sjILi0vLK9nV3Nr6xuaWvb1TV2EsManhkIWyGSBFGBWkpqlmpBlJgnjASCMYXI79xj2RiobiVg8j4nHUE7RLMdJG8u3SwE/akkOOHlJ4AZ2iC9tHsD9uE/06wuldcuymsAQrhcdD3847RWcC+Je4M5IHM1R9e9TuhDjmRGjMkFIt14m0lyCpKWYkzbVjRSKEB6hHWoYKxInykslhKTwwSgd2Q2lKaDhRf24kiCs15IGZ5Ej31bw3Fv/zWrHunnsJFVGsicDTh7oxgzqE45Rgh0qCNRsagrCk5q8Q95FEWJsscyYEd/7kv6R+UnRNnjen+XJlFkcW7IF9UAAuOANlcAWqoAYweAIv4A28W8/Wq/VhfU5HM9ZsZxf8gjX6BvK+nI8=</latexit><latexit sha1_base64="/Tl/ZcCdbLDLfCOixtrhQ9pGG34=">AAACGHicbVDLSgMxFM3UV62vUZdugkWooO2MCLoRCnbhRqhgH9COQyZN29AkMyQZsQ7zGW78FTcuFHHbnX9j+lho9cC9HM65l+SeIGJUacf5sjILi0vLK9nV3Nr6xuaWvb1TV2EsManhkIWyGSBFGBWkpqlmpBlJgnjASCMYXI79xj2RiobiVg8j4nHUE7RLMdJG8u3SwE/akkOOHlJ4AZ2iC9tHsD9uE/06wuldcuymsAQrhcdD3847RWcC+Je4M5IHM1R9e9TuhDjmRGjMkFIt14m0lyCpKWYkzbVjRSKEB6hHWoYKxInykslhKTwwSgd2Q2lKaDhRf24kiCs15IGZ5Ej31bw3Fv/zWrHunnsJFVGsicDTh7oxgzqE45Rgh0qCNRsagrCk5q8Q95FEWJsscyYEd/7kv6R+UnRNnjen+XJlFkcW7IF9UAAuOANlcAWqoAYweAIv4A28W8/Wq/VhfU5HM9ZsZxf8gjX6BvK+nI8=</latexit><latexit sha1_base64="/Tl/ZcCdbLDLfCOixtrhQ9pGG34=">AAACGHicbVDLSgMxFM3UV62vUZdugkWooO2MCLoRCnbhRqhgH9COQyZN29AkMyQZsQ7zGW78FTcuFHHbnX9j+lho9cC9HM65l+SeIGJUacf5sjILi0vLK9nV3Nr6xuaWvb1TV2EsManhkIWyGSBFGBWkpqlmpBlJgnjASCMYXI79xj2RiobiVg8j4nHUE7RLMdJG8u3SwE/akkOOHlJ4AZ2iC9tHsD9uE/06wuldcuymsAQrhcdD3847RWcC+Je4M5IHM1R9e9TuhDjmRGjMkFIt14m0lyCpKWYkzbVjRSKEB6hHWoYKxInykslhKTwwSgd2Q2lKaDhRf24kiCs15IGZ5Ej31bw3Fv/zWrHunnsJFVGsicDTh7oxgzqE45Rgh0qCNRsagrCk5q8Q95FEWJsscyYEd/7kv6R+UnRNnjen+XJlFkcW7IF9UAAuOANlcAWqoAYweAIv4A28W8/Wq/VhfU5HM9ZsZxf8gjX6BvK+nI8=</latexit>

kmax = 0.24 at z = 2
<latexit sha1_base64="wg+0XUaxV7ONH6h1U2kvaqSTrfY=">AAACDnicbZDLSsNAFIYnXmu9VV26GSwFFxKSUtBNoaALlxXsBZoQJtNJO3QmCTMTsYY+gRtfxY0LRdy6dufbOEmz0NYfBj7+cw5nzu/HjEplWd/Gyura+sZmaau8vbO7t185OOzKKBGYdHDEItH3kSSMhqSjqGKkHwuCuM9Iz59cZvXeHRGSRuGtmsbE5WgU0oBipLTlVWoTL3UEhxzdz2ATWma9AZ0zmHtIzTJ+aNa9StUyrVxwGewCqqBQ26t8OcMIJ5yECjMk5cC2YuWmSCiKGZmVnUSSGOEJGpGBxhBxIt00P2cGa9oZwiAS+oUK5u7viRRxKafc150cqbFcrGXmf7VBooILN6VhnCgS4vmiIGFQRTDLBg6pIFixqQaEBdV/hXiMBMJKJ1jWIdiLJy9Dt27almnfNKqtqyKOEjgGJ+AU2OActMA1aIMOwOARPINX8GY8GS/Gu/Exb10xipkj8EfG5w/MRJlk</latexit><latexit sha1_base64="wg+0XUaxV7ONH6h1U2kvaqSTrfY=">AAACDnicbZDLSsNAFIYnXmu9VV26GSwFFxKSUtBNoaALlxXsBZoQJtNJO3QmCTMTsYY+gRtfxY0LRdy6dufbOEmz0NYfBj7+cw5nzu/HjEplWd/Gyura+sZmaau8vbO7t185OOzKKBGYdHDEItH3kSSMhqSjqGKkHwuCuM9Iz59cZvXeHRGSRuGtmsbE5WgU0oBipLTlVWoTL3UEhxzdz2ATWma9AZ0zmHtIzTJ+aNa9StUyrVxwGewCqqBQ26t8OcMIJ5yECjMk5cC2YuWmSCiKGZmVnUSSGOEJGpGBxhBxIt00P2cGa9oZwiAS+oUK5u7viRRxKafc150cqbFcrGXmf7VBooILN6VhnCgS4vmiIGFQRTDLBg6pIFixqQaEBdV/hXiMBMJKJ1jWIdiLJy9Dt27almnfNKqtqyKOEjgGJ+AU2OActMA1aIMOwOARPINX8GY8GS/Gu/Exb10xipkj8EfG5w/MRJlk</latexit><latexit sha1_base64="wg+0XUaxV7ONH6h1U2kvaqSTrfY=">AAACDnicbZDLSsNAFIYnXmu9VV26GSwFFxKSUtBNoaALlxXsBZoQJtNJO3QmCTMTsYY+gRtfxY0LRdy6dufbOEmz0NYfBj7+cw5nzu/HjEplWd/Gyura+sZmaau8vbO7t185OOzKKBGYdHDEItH3kSSMhqSjqGKkHwuCuM9Iz59cZvXeHRGSRuGtmsbE5WgU0oBipLTlVWoTL3UEhxzdz2ATWma9AZ0zmHtIzTJ+aNa9StUyrVxwGewCqqBQ26t8OcMIJ5yECjMk5cC2YuWmSCiKGZmVnUSSGOEJGpGBxhBxIt00P2cGa9oZwiAS+oUK5u7viRRxKafc150cqbFcrGXmf7VBooILN6VhnCgS4vmiIGFQRTDLBg6pIFixqQaEBdV/hXiMBMJKJ1jWIdiLJy9Dt27almnfNKqtqyKOEjgGJ+AU2OActMA1aIMOwOARPINX8GY8GS/Gu/Exb10xipkj8EfG5w/MRJlk</latexit><latexit sha1_base64="wg+0XUaxV7ONH6h1U2kvaqSTrfY=">AAACDnicbZDLSsNAFIYnXmu9VV26GSwFFxKSUtBNoaALlxXsBZoQJtNJO3QmCTMTsYY+gRtfxY0LRdy6dufbOEmz0NYfBj7+cw5nzu/HjEplWd/Gyura+sZmaau8vbO7t185OOzKKBGYdHDEItH3kSSMhqSjqGKkHwuCuM9Iz59cZvXeHRGSRuGtmsbE5WgU0oBipLTlVWoTL3UEhxzdz2ATWma9AZ0zmHtIzTJ+aNa9StUyrVxwGewCqqBQ26t8OcMIJ5yECjMk5cC2YuWmSCiKGZmVnUSSGOEJGpGBxhBxIt00P2cGa9oZwiAS+oUK5u7viRRxKafc150cqbFcrGXmf7VBooILN6VhnCgS4vmiIGFQRTDLBg6pIFixqQaEBdV/hXiMBMJKJ1jWIdiLJy9Dt27almnfNKqtqyKOEjgGJ+AU2OActMA1aIMOwOARPINX8GY8GS/Gu/Exb10xipkj8EfG5w/MRJlk</latexit>



Locality

The inflationary signal is nonlocal in space


Created at the past intersection of the light cones


Proportional to 3 commutators: uniquely quantum!

DG & Porto (2020)

Beq = 162 f eq
NL

T (k1)T (k2)T (k3)�2
�

k1k2k3(k1 + k2 + k3)3
<latexit sha1_base64="+I7RlL6NIezFXgibWXu7Jrbn+Rs="></latexit><latexit sha1_base64="+I7RlL6NIezFXgibWXu7Jrbn+Rs="></latexit><latexit sha1_base64="+I7RlL6NIezFXgibWXu7Jrbn+Rs="></latexit><latexit sha1_base64="+I7RlL6NIezFXgibWXu7Jrbn+Rs="></latexit>



Locality

Dark matter is slow: late-time evolution is ultra-local*


Nonlinearity can never completely mimic the signal


Differences seen at map-level

R∗

Primordial NG Late-time NG

DG & Baumann (2021)



Summary



Core theoretical progress has been around correlators


•EFT has been powerful in framing questions


•Bootstrap is proving to be an important tool


• Loops/IR issues are mostly understood in dS


•Calculating loops remains limited by technology


•Non-perturbative problems are the next frontier


Summary



Key observational progress in both CMB and LSS


•CMB remains essential for gravitational waves


•CMB+LSS cross-correlation useful for local NG


• LSS has exceed CMB for primordial features


•Progress in NG from LSS but a long way to go


Summary



Thank you


