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Equilateral Non-Gaussianity 

& the Nature of Inflation



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 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
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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 

H ⌘ ȧ
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Ḣ(t) ⌧ H
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What is inflation? 

• There are lots of ways to make clock 

• Could it be some exotic state of matter? 

• Is inflation a weakly or strongly coupled phenomenon? 

• How can we tell the different? 

We would like data to answer these kinds of questions 

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



EFT: Inflation is spontaneous time-translation* breaking 

The field                are the fluctuations of the clock  

We can write the most general possible action 

Nothing about this requires a fundamental scalar 
*time-translations are eventually gauged / goldstone is eaten by the metric

hOi / t
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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>
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<latexit sha1_base64="Dm/2wX45Pov+iXTAEQONWOCOJhc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBAiSNgVQY8BQTxGMA/ILmF20psMmX04MxsMS77DiwdFvPox3vwbJ8keNLGgoajqprvLTwRX2ra/rZXVtfWNzcJWcXtnd2+/dHDYVHEqGTZYLGLZ9qlCwSNsaK4FthOJNPQFtvzhzdRvjVAqHkcPepygF9J+xAPOqDaS5ya84o6QkadzfdYtle2qPQNZJk5OypCj3i19ub2YpSFGmgmqVMexE+1lVGrOBE6KbqowoWxI+9gxNKIhKi+bHT0hp0bpkSCWpiJNZurviYyGSo1D33SGVA/UojcV//M6qQ6uvYxHSaoxYvNFQSqIjsk0AdLjEpkWY0Mok9zcStiASsq0yaloQnAWX14mzYuqY1ed+8ty7TaPowDHcAIVcOAKanAHdWgAg0d4hld4s0bWi/VufcxbV6x85gj+wPr8AZ5WkVg=</latexit><latexit sha1_base64="Dm/2wX45Pov+iXTAEQONWOCOJhc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBAiSNgVQY8BQTxGMA/ILmF20psMmX04MxsMS77DiwdFvPox3vwbJ8keNLGgoajqprvLTwRX2ra/rZXVtfWNzcJWcXtnd2+/dHDYVHEqGTZYLGLZ9qlCwSNsaK4FthOJNPQFtvzhzdRvjVAqHkcPepygF9J+xAPOqDaS5ya84o6QkadzfdYtle2qPQNZJk5OypCj3i19ub2YpSFGmgmqVMexE+1lVGrOBE6KbqowoWxI+9gxNKIhKi+bHT0hp0bpkSCWpiJNZurviYyGSo1D33SGVA/UojcV//M6qQ6uvYxHSaoxYvNFQSqIjsk0AdLjEpkWY0Mok9zcStiASsq0yaloQnAWX14mzYuqY1ed+8ty7TaPowDHcAIVcOAKanAHdWgAg0d4hld4s0bWi/VufcxbV6x85gj+wPr8AZ5WkVg=</latexit><latexit sha1_base64="Dm/2wX45Pov+iXTAEQONWOCOJhc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBAiSNgVQY8BQTxGMA/ILmF20psMmX04MxsMS77DiwdFvPox3vwbJ8keNLGgoajqprvLTwRX2ra/rZXVtfWNzcJWcXtnd2+/dHDYVHEqGTZYLGLZ9qlCwSNsaK4FthOJNPQFtvzhzdRvjVAqHkcPepygF9J+xAPOqDaS5ya84o6QkadzfdYtle2qPQNZJk5OypCj3i19ub2YpSFGmgmqVMexE+1lVGrOBE6KbqowoWxI+9gxNKIhKi+bHT0hp0bpkSCWpiJNZurviYyGSo1D33SGVA/UojcV//M6qQ6uvYxHSaoxYvNFQSqIjsk0AdLjEpkWY0Mok9zcStiASsq0yaloQnAWX14mzYuqY1ed+8ty7TaPowDHcAIVcOAKanAHdWgAg0d4hld4s0bWi/VufcxbV6x85gj+wPr8AZ5WkVg=</latexit><latexit sha1_base64="Dm/2wX45Pov+iXTAEQONWOCOJhc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBAiSNgVQY8BQTxGMA/ILmF20psMmX04MxsMS77DiwdFvPox3vwbJ8keNLGgoajqprvLTwRX2ra/rZXVtfWNzcJWcXtnd2+/dHDYVHEqGTZYLGLZ9qlCwSNsaK4FthOJNPQFtvzhzdRvjVAqHkcPepygF9J+xAPOqDaS5ya84o6QkadzfdYtle2qPQNZJk5OypCj3i19ub2YpSFGmgmqVMexE+1lVGrOBE6KbqowoWxI+9gxNKIhKi+bHT0hp0bpkSCWpiJNZurviYyGSo1D33SGVA/UojcV//M6qQ6uvYxHSaoxYvNFQSqIjsk0AdLjEpkWY0Mok9zcStiASsq0yaloQnAWX14mzYuqY1ed+8ty7TaPowDHcAIVcOAKanAHdWgAg0d4hld4s0bWi/VufcxbV6x85gj+wPr8AZ5WkVg=</latexit>
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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>
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<latexit sha1_base64="yofAhh6ECfoCYNKcONin+SBJ5j4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVi3oQCnrosYL9gO5Ssmm2Dc1mQ5IVytK/4cWDIl79M978N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo7ZOUkVoiyQ8Ud0Qa8qZoC3DDKddqSiOQ0474fhu5neeqNIsEY9mImkQ46FgESPYWMmP+r5k6BbVblCjX664VXcOtEq8nFQgR7Nf/vIHCUljKgzhWOue50oTZFgZRjidlvxUU4nJGA9pz1KBY6qDbH7zFJ1ZZYCiRNkSBs3V3xMZjrWexKHtjLEZ6WVvJv7n9VITXQcZEzI1VJDFoijlyCRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvYfLSv0+j6MIJ3AK5+DBFdShAU1oAQEJz/AKb07qvDjvzseiteDkM8fwB87nD92QkEE=</latexit><latexit sha1_base64="yofAhh6ECfoCYNKcONin+SBJ5j4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVi3oQCnrosYL9gO5Ssmm2Dc1mQ5IVytK/4cWDIl79M978N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo7ZOUkVoiyQ8Ud0Qa8qZoC3DDKddqSiOQ0474fhu5neeqNIsEY9mImkQ46FgESPYWMmP+r5k6BbVblCjX664VXcOtEq8nFQgR7Nf/vIHCUljKgzhWOue50oTZFgZRjidlvxUU4nJGA9pz1KBY6qDbH7zFJ1ZZYCiRNkSBs3V3xMZjrWexKHtjLEZ6WVvJv7n9VITXQcZEzI1VJDFoijlyCRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvYfLSv0+j6MIJ3AK5+DBFdShAU1oAQEJz/AKb07qvDjvzseiteDkM8fwB87nD92QkEE=</latexit><latexit sha1_base64="yofAhh6ECfoCYNKcONin+SBJ5j4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVi3oQCnrosYL9gO5Ssmm2Dc1mQ5IVytK/4cWDIl79M978N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo7ZOUkVoiyQ8Ud0Qa8qZoC3DDKddqSiOQ0474fhu5neeqNIsEY9mImkQ46FgESPYWMmP+r5k6BbVblCjX664VXcOtEq8nFQgR7Nf/vIHCUljKgzhWOue50oTZFgZRjidlvxUU4nJGA9pz1KBY6qDbH7zFJ1ZZYCiRNkSBs3V3xMZjrWexKHtjLEZ6WVvJv7n9VITXQcZEzI1VJDFoijlyCRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvYfLSv0+j6MIJ3AK5+DBFdShAU1oAQEJz/AKb07qvDjvzseiteDkM8fwB87nD92QkEE=</latexit><latexit sha1_base64="yofAhh6ECfoCYNKcONin+SBJ5j4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVi3oQCnrosYL9gO5Ssmm2Dc1mQ5IVytK/4cWDIl79M978N6btHrT1wcDjvRlm5oWSM21c99sprK1vbG4Vt0s7u3v7B+XDo7ZOUkVoiyQ8Ud0Qa8qZoC3DDKddqSiOQ0474fhu5neeqNIsEY9mImkQ46FgESPYWMmP+r5k6BbVblCjX664VXcOtEq8nFQgR7Nf/vIHCUljKgzhWOue50oTZFgZRjidlvxUU4nJGA9pz1KBY6qDbH7zFJ1ZZYCiRNkSBs3V3xMZjrWexKHtjLEZ6WVvJv7n9VITXQcZEzI1VJDFoijlyCRoFgAaMEWJ4RNLMFHM3orICCtMjI2pZEPwll9eJe2LqudWvYfLSv0+j6MIJ3AK5+DBFdShAU1oAQEJz/AKb07qvDjvzseiteDkM8fwB87nD92QkEE=</latexit>
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What do we know from data? 
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<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>
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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>
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What do we know from data? 
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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>
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Observational goal: reach the slow-roll threshold

Theoretical Target
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Excludes single-field 

slow roll
Energy2

�(f eq.
NL) < 0.5

<latexit sha1_base64="kKp8nzaRwsSOD4ctj+mMqERIqok=">AAACC3icbZC7TsMwFIadcivlFmBksVohlSVKEAgGhgoWBoSKRC9SEyrHdVqrdhJsB6mKsrPwKiwMIMTKC7DxNrhpB2j5JUuf/nOOjs/vx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fSQJoyFpKKoYaceCIO4z0vKHF+N664EISaPwVo1i4nHUD2lAMVLa6pplV9I+R9Wgm7qCw+ur7C4Hcm9lB/AM2tZx16zYlp0LzoMzhQqYqt41v9xehBNOQoUZkrLj2LHyUiQUxYxkJTeRJEZ4iPqkozFEnEgvzW/J4L52ejCIhH6hgrn7eyJFXMoR93UnR2ogZ2tj879aJ1HBqZfSME4UCfFkUZAwqCI4Dgb2qCBYsZEGhAXVf4V4gATCSsdX0iE4syfPQ/PQcmzLuTmq1M6ncRTBHiiDKnDACaiBS1AHDYDBI3gGr+DNeDJejHfjY9JaMKYzu+CPjM8fOPKZMw==</latexit><latexit sha1_base64="kKp8nzaRwsSOD4ctj+mMqERIqok=">AAACC3icbZC7TsMwFIadcivlFmBksVohlSVKEAgGhgoWBoSKRC9SEyrHdVqrdhJsB6mKsrPwKiwMIMTKC7DxNrhpB2j5JUuf/nOOjs/vx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fSQJoyFpKKoYaceCIO4z0vKHF+N664EISaPwVo1i4nHUD2lAMVLa6pplV9I+R9Wgm7qCw+ur7C4Hcm9lB/AM2tZx16zYlp0LzoMzhQqYqt41v9xehBNOQoUZkrLj2LHyUiQUxYxkJTeRJEZ4iPqkozFEnEgvzW/J4L52ejCIhH6hgrn7eyJFXMoR93UnR2ogZ2tj879aJ1HBqZfSME4UCfFkUZAwqCI4Dgb2qCBYsZEGhAXVf4V4gATCSsdX0iE4syfPQ/PQcmzLuTmq1M6ncRTBHiiDKnDACaiBS1AHDYDBI3gGr+DNeDJejHfjY9JaMKYzu+CPjM8fOPKZMw==</latexit><latexit sha1_base64="kKp8nzaRwsSOD4ctj+mMqERIqok=">AAACC3icbZC7TsMwFIadcivlFmBksVohlSVKEAgGhgoWBoSKRC9SEyrHdVqrdhJsB6mKsrPwKiwMIMTKC7DxNrhpB2j5JUuf/nOOjs/vx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fSQJoyFpKKoYaceCIO4z0vKHF+N664EISaPwVo1i4nHUD2lAMVLa6pplV9I+R9Wgm7qCw+ur7C4Hcm9lB/AM2tZx16zYlp0LzoMzhQqYqt41v9xehBNOQoUZkrLj2LHyUiQUxYxkJTeRJEZ4iPqkozFEnEgvzW/J4L52ejCIhH6hgrn7eyJFXMoR93UnR2ogZ2tj879aJ1HBqZfSME4UCfFkUZAwqCI4Dgb2qCBYsZEGhAXVf4V4gATCSsdX0iE4syfPQ/PQcmzLuTmq1M6ncRTBHiiDKnDACaiBS1AHDYDBI3gGr+DNeDJejHfjY9JaMKYzu+CPjM8fOPKZMw==</latexit><latexit sha1_base64="kKp8nzaRwsSOD4ctj+mMqERIqok=">AAACC3icbZC7TsMwFIadcivlFmBksVohlSVKEAgGhgoWBoSKRC9SEyrHdVqrdhJsB6mKsrPwKiwMIMTKC7DxNrhpB2j5JUuf/nOOjs/vx4xKZdvfRmFhcWl5pbhaWlvf2Nwyt3eaMkoEJg0csUi0fSQJoyFpKKoYaceCIO4z0vKHF+N664EISaPwVo1i4nHUD2lAMVLa6pplV9I+R9Wgm7qCw+ur7C4Hcm9lB/AM2tZx16zYlp0LzoMzhQqYqt41v9xehBNOQoUZkrLj2LHyUiQUxYxkJTeRJEZ4iPqkozFEnEgvzW/J4L52ejCIhH6hgrn7eyJFXMoR93UnR2ogZ2tj879aJ1HBqZfSME4UCfFkUZAwqCI4Dgb2qCBYsZEGhAXVf4V4gATCSsdX0iE4syfPQ/PQcmzLuTmq1M6ncRTBHiiDKnDACaiBS1AHDYDBI3gGr+DNeDJejHfjY9JaMKYzu+CPjM8fOPKZMw==</latexit>

f2
⇡ < ⇤2 (95%)

<latexit sha1_base64="A8iBGhBgHCtPjZAY4x8xGTqXpJs=">AAACB3icbVDNS8MwHE3n15xfVY+CBMdggox2KCp4GHrx4GGC+4C1ljRLt7A0LUkqjLKbF/8VLx4U8eq/4M3/xmzrQTcfBF7e+z2S3/NjRqWyrG8jt7C4tLySXy2srW9sbpnbO00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+YOrsd96IELSiN+pYUzcEPU4DShGSkueuR94TkzvqxBeQOdG57pIX5wjWD4/cUqHnlm0KtYEcJ7YGSmCDHXP/HK6EU5CwhVmSMqObcXKTZFQFDMyKjiJJDHCA9QjHU05Col008keI1jSShcGkdCHKzhRfydSFEo5DH09GSLVl7PeWPzP6yQqOHNTyuNEEY6nDwUJgyqC41JglwqCFRtqgrCg+q8Q95FAWOnqCroEe3bledKsVmyrYt8eF2uXWR15sAcOQBnY4BTUwDWogwbA4BE8g1fwZjwZL8a78TEdzRlZZhf8gfH5AwrrljI=</latexit><latexit sha1_base64="A8iBGhBgHCtPjZAY4x8xGTqXpJs=">AAACB3icbVDNS8MwHE3n15xfVY+CBMdggox2KCp4GHrx4GGC+4C1ljRLt7A0LUkqjLKbF/8VLx4U8eq/4M3/xmzrQTcfBF7e+z2S3/NjRqWyrG8jt7C4tLySXy2srW9sbpnbO00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+YOrsd96IELSiN+pYUzcEPU4DShGSkueuR94TkzvqxBeQOdG57pIX5wjWD4/cUqHnlm0KtYEcJ7YGSmCDHXP/HK6EU5CwhVmSMqObcXKTZFQFDMyKjiJJDHCA9QjHU05Col008keI1jSShcGkdCHKzhRfydSFEo5DH09GSLVl7PeWPzP6yQqOHNTyuNEEY6nDwUJgyqC41JglwqCFRtqgrCg+q8Q95FAWOnqCroEe3bledKsVmyrYt8eF2uXWR15sAcOQBnY4BTUwDWogwbA4BE8g1fwZjwZL8a78TEdzRlZZhf8gfH5AwrrljI=</latexit><latexit sha1_base64="A8iBGhBgHCtPjZAY4x8xGTqXpJs=">AAACB3icbVDNS8MwHE3n15xfVY+CBMdggox2KCp4GHrx4GGC+4C1ljRLt7A0LUkqjLKbF/8VLx4U8eq/4M3/xmzrQTcfBF7e+z2S3/NjRqWyrG8jt7C4tLySXy2srW9sbpnbO00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+YOrsd96IELSiN+pYUzcEPU4DShGSkueuR94TkzvqxBeQOdG57pIX5wjWD4/cUqHnlm0KtYEcJ7YGSmCDHXP/HK6EU5CwhVmSMqObcXKTZFQFDMyKjiJJDHCA9QjHU05Col008keI1jSShcGkdCHKzhRfydSFEo5DH09GSLVl7PeWPzP6yQqOHNTyuNEEY6nDwUJgyqC41JglwqCFRtqgrCg+q8Q95FAWOnqCroEe3bledKsVmyrYt8eF2uXWR15sAcOQBnY4BTUwDWogwbA4BE8g1fwZjwZL8a78TEdzRlZZhf8gfH5AwrrljI=</latexit><latexit sha1_base64="A8iBGhBgHCtPjZAY4x8xGTqXpJs=">AAACB3icbVDNS8MwHE3n15xfVY+CBMdggox2KCp4GHrx4GGC+4C1ljRLt7A0LUkqjLKbF/8VLx4U8eq/4M3/xmzrQTcfBF7e+z2S3/NjRqWyrG8jt7C4tLySXy2srW9sbpnbO00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+YOrsd96IELSiN+pYUzcEPU4DShGSkueuR94TkzvqxBeQOdG57pIX5wjWD4/cUqHnlm0KtYEcJ7YGSmCDHXP/HK6EU5CwhVmSMqObcXKTZFQFDMyKjiJJDHCA9QjHU05Col008keI1jSShcGkdCHKzhRfydSFEo5DH09GSLVl7PeWPzP6yQqOHNTyuNEEY6nDwUJgyqC41JglwqCFRtqgrCg+q8Q95FAWOnqCroEe3bledKsVmyrYt8eF2uXWR15sAcOQBnY4BTUwDWogwbA4BE8g1fwZjwZL8a78TEdzRlZZhf8gfH5AwrrljI=</latexit>



The Challenge



Primordial Non-Gaussianity



On general grounds, bispectra take the form 

Momentum conservation: 

Scale invariance:

Primordial Non-Gaussianity

k1
<latexit sha1_base64="/nUkGaXN0I77sbOlk3fhEzG6GQE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWsB/QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fikY6PEMN5mkYxML6CWS6F5GwVK3osNpyqQvBtMb3O/+8SNFZF+xFnMfUXHWoSCUcyl6dCrDKs1t+4uQNaJV5AaFGgNq1+DUcQSxTUySa3te26MfkoNCib5vDJILI8pm9Ix72dUU8Wtny5unZOLTBmRMDJZaSQL9fdESpW1MxVknYrixK56ufif108wvPFToeMEuWbLRWEiCUYkf5yMhOEM5SwjlBmR3UrYhBrKMIsnD8FbfXmddK7qnlv3Hq5rzbsijjKcwTlcggcNaMI9tKANDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AC2Hjak=</latexit><latexit sha1_base64="/nUkGaXN0I77sbOlk3fhEzG6GQE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWsB/QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fikY6PEMN5mkYxML6CWS6F5GwVK3osNpyqQvBtMb3O/+8SNFZF+xFnMfUXHWoSCUcyl6dCrDKs1t+4uQNaJV5AaFGgNq1+DUcQSxTUySa3te26MfkoNCib5vDJILI8pm9Ix72dUU8Wtny5unZOLTBmRMDJZaSQL9fdESpW1MxVknYrixK56ufif108wvPFToeMEuWbLRWEiCUYkf5yMhOEM5SwjlBmR3UrYhBrKMIsnD8FbfXmddK7qnlv3Hq5rzbsijjKcwTlcggcNaMI9tKANDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AC2Hjak=</latexit><latexit sha1_base64="/nUkGaXN0I77sbOlk3fhEzG6GQE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWsB/QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fikY6PEMN5mkYxML6CWS6F5GwVK3osNpyqQvBtMb3O/+8SNFZF+xFnMfUXHWoSCUcyl6dCrDKs1t+4uQNaJV5AaFGgNq1+DUcQSxTUySa3te26MfkoNCib5vDJILI8pm9Ix72dUU8Wtny5unZOLTBmRMDJZaSQL9fdESpW1MxVknYrixK56ufif108wvPFToeMEuWbLRWEiCUYkf5yMhOEM5SwjlBmR3UrYhBrKMIsnD8FbfXmddK7qnlv3Hq5rzbsijjKcwTlcggcNaMI9tKANDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AC2Hjak=</latexit><latexit sha1_base64="/nUkGaXN0I77sbOlk3fhEzG6GQE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCHjxWsB/QhrLZbtqlu5uwOxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSyFRdf9dkobm1vbO+Xdyt7+weFR9fikY6PEMN5mkYxML6CWS6F5GwVK3osNpyqQvBtMb3O/+8SNFZF+xFnMfUXHWoSCUcyl6dCrDKs1t+4uQNaJV5AaFGgNq1+DUcQSxTUySa3te26MfkoNCib5vDJILI8pm9Ix72dUU8Wtny5unZOLTBmRMDJZaSQL9fdESpW1MxVknYrixK56ufif108wvPFToeMEuWbLRWEiCUYkf5yMhOEM5SwjlBmR3UrYhBrKMIsnD8FbfXmddK7qnlv3Hq5rzbsijjKcwTlcggcNaMI9tKANDCbwDK/w5ijnxXl3PpatJaeYOYU/cD5/AC2Hjak=</latexit>

k2
<latexit sha1_base64="8tp8qH8bYUVF5yVuREaHn3+vvK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCHjxWsB/QhrLZTtqlu5uwuxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSy4sa777ZQ2Nre2d8q7lb39g8Oj6vFJx0SJZthmkYh0L6AGBVfYttwK7MUaqQwEdoPpbe53n1AbHqlHO4vRl3SseMgZtbk0HTYqw2rNrbsLkHXiFaQGBVrD6tdgFLFEorJMUGP6nhtbP6XaciZwXhkkBmPKpnSM/YwqKtH46eLWObnIlBEJI52VsmSh/p5IqTRmJoOsU1I7MateLv7n9RMb3vgpV3FiUbHlojARxEYkf5yMuEZmxSwjlGme3UrYhGrKbBZPHoK3+vI66TTqnlv3Hq5qzbsijjKcwTlcggfX0IR7aEEbGEzgGV7hzZHOi/PufCxbS04xcwp/4Hz+AC8Mjao=</latexit><latexit sha1_base64="8tp8qH8bYUVF5yVuREaHn3+vvK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCHjxWsB/QhrLZTtqlu5uwuxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSy4sa777ZQ2Nre2d8q7lb39g8Oj6vFJx0SJZthmkYh0L6AGBVfYttwK7MUaqQwEdoPpbe53n1AbHqlHO4vRl3SseMgZtbk0HTYqw2rNrbsLkHXiFaQGBVrD6tdgFLFEorJMUGP6nhtbP6XaciZwXhkkBmPKpnSM/YwqKtH46eLWObnIlBEJI52VsmSh/p5IqTRmJoOsU1I7MateLv7n9RMb3vgpV3FiUbHlojARxEYkf5yMuEZmxSwjlGme3UrYhGrKbBZPHoK3+vI66TTqnlv3Hq5qzbsijjKcwTlcggfX0IR7aEEbGEzgGV7hzZHOi/PufCxbS04xcwp/4Hz+AC8Mjao=</latexit><latexit sha1_base64="8tp8qH8bYUVF5yVuREaHn3+vvK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCHjxWsB/QhrLZTtqlu5uwuxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSy4sa777ZQ2Nre2d8q7lb39g8Oj6vFJx0SJZthmkYh0L6AGBVfYttwK7MUaqQwEdoPpbe53n1AbHqlHO4vRl3SseMgZtbk0HTYqw2rNrbsLkHXiFaQGBVrD6tdgFLFEorJMUGP6nhtbP6XaciZwXhkkBmPKpnSM/YwqKtH46eLWObnIlBEJI52VsmSh/p5IqTRmJoOsU1I7MateLv7n9RMb3vgpV3FiUbHlojARxEYkf5yMuEZmxSwjlGme3UrYhGrKbBZPHoK3+vI66TTqnlv3Hq5qzbsijjKcwTlcggfX0IR7aEEbGEzgGV7hzZHOi/PufCxbS04xcwp/4Hz+AC8Mjao=</latexit><latexit sha1_base64="8tp8qH8bYUVF5yVuREaHn3+vvK8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCHjxWsB/QhrLZTtqlu5uwuxFK6F/w4kERr/4hb/4bkzYHbX0w8Hhvhpl5QSy4sa777ZQ2Nre2d8q7lb39g8Oj6vFJx0SJZthmkYh0L6AGBVfYttwK7MUaqQwEdoPpbe53n1AbHqlHO4vRl3SseMgZtbk0HTYqw2rNrbsLkHXiFaQGBVrD6tdgFLFEorJMUGP6nhtbP6XaciZwXhkkBmPKpnSM/YwqKtH46eLWObnIlBEJI52VsmSh/p5IqTRmJoOsU1I7MateLv7n9RMb3vgpV3FiUbHlojARxEYkf5yMuEZmxSwjlGme3UrYhGrKbBZPHoK3+vI66TTqnlv3Hq5qzbsijjKcwTlcggfX0IR7aEEbGEzgGV7hzZHOi/PufCxbS04xcwp/4Hz+AC8Mjao=</latexit>

k3
<latexit sha1_base64="uPDwSTmaQudidZQEYaZclSB8eSI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNBDx4r2A9oQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpr6xubW+Xtys7u3v5B9fCobaJEM2yxSES6G1CDgitsWW4FdmONVAYCO8HkNvc7T6gNj9SjncboSzpSPOSM2lyaDC4rg2rNrbtzkFXiFaQGBZqD6ld/GLFEorJMUGN6nhtbP6XaciZwVuknBmPKJnSEvYwqKtH46fzWGTnLlCEJI52VsmSu/p5IqTRmKoOsU1I7NsteLv7n9RIb3vgpV3FiUbHFojARxEYkf5wMuUZmxTQjlGme3UrYmGrKbBZPHoK3/PIqaV/UPbfuPVzVGndFHGU4gVM4Bw+uoQH30IQWMBjDM7zCmyOdF+fd+Vi0lpxi5hj+wPn8ATCRjas=</latexit><latexit sha1_base64="uPDwSTmaQudidZQEYaZclSB8eSI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNBDx4r2A9oQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpr6xubW+Xtys7u3v5B9fCobaJEM2yxSES6G1CDgitsWW4FdmONVAYCO8HkNvc7T6gNj9SjncboSzpSPOSM2lyaDC4rg2rNrbtzkFXiFaQGBZqD6ld/GLFEorJMUGN6nhtbP6XaciZwVuknBmPKJnSEvYwqKtH46fzWGTnLlCEJI52VsmSu/p5IqTRmKoOsU1I7NsteLv7n9RIb3vgpV3FiUbHFojARxEYkf5wMuUZmxTQjlGme3UrYmGrKbBZPHoK3/PIqaV/UPbfuPVzVGndFHGU4gVM4Bw+uoQH30IQWMBjDM7zCmyOdF+fd+Vi0lpxi5hj+wPn8ATCRjas=</latexit><latexit sha1_base64="uPDwSTmaQudidZQEYaZclSB8eSI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNBDx4r2A9oQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpr6xubW+Xtys7u3v5B9fCobaJEM2yxSES6G1CDgitsWW4FdmONVAYCO8HkNvc7T6gNj9SjncboSzpSPOSM2lyaDC4rg2rNrbtzkFXiFaQGBZqD6ld/GLFEorJMUGN6nhtbP6XaciZwVuknBmPKJnSEvYwqKtH46fzWGTnLlCEJI52VsmSu/p5IqTRmKoOsU1I7NsteLv7n9RIb3vgpV3FiUbHFojARxEYkf5wMuUZmxTQjlGme3UrYmGrKbBZPHoK3/PIqaV/UPbfuPVzVGndFHGU4gVM4Bw+uoQH30IQWMBjDM7zCmyOdF+fd+Vi0lpxi5hj+wPn8ATCRjas=</latexit><latexit sha1_base64="uPDwSTmaQudidZQEYaZclSB8eSI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GNBDx4r2A9oQ9lsJ+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkpr6xubW+Xtys7u3v5B9fCobaJEM2yxSES6G1CDgitsWW4FdmONVAYCO8HkNvc7T6gNj9SjncboSzpSPOSM2lyaDC4rg2rNrbtzkFXiFaQGBZqD6ld/GLFEorJMUGN6nhtbP6XaciZwVuknBmPKJnSEvYwqKtH46fzWGTnLlCEJI52VsmSu/p5IqTRmKoOsU1I7NsteLv7n9RIb3vgpV3FiUbHFojARxEYkf5wMuUZmxTQjlGme3UrYmGrKbBZPHoK3/PIqaV/UPbfuPVzVGndFHGU4gVM4Bw+uoQH30IQWMBjDM7zCmyOdF+fd+Vi0lpxi5hj+wPn8ATCRjas=</latexit>

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

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

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

⇥ 1

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

h�(~k1)�(~k2)�(~k3)i = fNLB�(k1, k2, k3)(2⇡)
3�(~k1 + ~k2 + ~k3)

<latexit sha1_base64="EWEEBQPtQsC/Us4g3yvZsVUNfw8="></latexit><latexit sha1_base64="EWEEBQPtQsC/Us4g3yvZsVUNfw8="></latexit><latexit sha1_base64="EWEEBQPtQsC/Us4g3yvZsVUNfw8="></latexit><latexit sha1_base64="EWEEBQPtQsC/Us4g3yvZsVUNfw8="></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

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>

fNLB�(k1, k2, k3) = fNL
6�4

�

k63x
2
1x

2
2

S(x1, x2)
<latexit sha1_base64="obXWfWSjDVvqQQFvExmFveIdR9E="></latexit><latexit sha1_base64="obXWfWSjDVvqQQFvExmFveIdR9E="></latexit><latexit sha1_base64="obXWfWSjDVvqQQFvExmFveIdR9E="></latexit><latexit sha1_base64="obXWfWSjDVvqQQFvExmFveIdR9E="></latexit>

Babich, Creminelli,  Zaldarriaga (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>

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

�(~x) = �g(~x)� f local
NL �2

g(~x) + . . .
<latexit sha1_base64="76WoO++zUEbhMMm+yrBJdoAVB6Y="></latexit><latexit sha1_base64="76WoO++zUEbhMMm+yrBJdoAVB6Y="></latexit><latexit sha1_base64="76WoO++zUEbhMMm+yrBJdoAVB6Y="></latexit><latexit sha1_base64="76WoO++zUEbhMMm+yrBJdoAVB6Y="></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>

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



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
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Courtesy of Fergusson & Shellard

The “Orthogonal Shape”

Planck 2018



Not enough modes left in the CMB

Cosmic Microwave Background



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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Cosmic Microwave Background
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Improvements expected for local non-Gaussianity 

Large Scale Structure

PUMA collaboration (2019)



Local NG benefits from scale-dependent bias  

This is apparent violation of equivalence principle 

This can only arise in multi-field inflation 

Other shapes also introduce scale dependence

Large Scale Structure
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Dalal et al. (2007)

Creminelli & Zaldarriaga (2004)
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Large Scale Structure

Not competitive for equilateral 

 
Need to measure non-Gaussianity directly 

Gleyzes et  al. (2016)

These are the 

realistic forecasts



Problem: low redshift universe is hard to model 

Large Scale Structure

Vogelsberger et al. (2019)

DM-only DM + Baryons



Galaxies trace the underlying matter distribution 

We will expand in linear density contrast 

Bias parameters are (largely) unknown / fit to data 

This works very well in Lagrangian space 

Large Scale Structure
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Schmittfull et  al. (2018)



The problem is that this also produces a bispectrum 

Each new biasing term contributes 
 
We must distinguish equilateral from all these terms 

Late-time Non-Gaussianity
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Quantify the problem with the inner-product 

Bispectra are defined by 

Late-time Non-Gaussianity
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Quantify the problem with the inner-product 

With this we can quantify how similar the shapes are

Late-time Non-Gaussianity
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P (k1)P (k2)P (k3)
(2⇡)3�D
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cos (Bi, Bj) ⌘
Bi ·Bjp

Bi ·BiBj ·Bj
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cos (B2, Beq) ⇡ 0.96,
cos (B3, Beq) ⇡ 0.87,
cos (B4, Beq) ⇡ 0.80.
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One can account for this challenge with theoretical error 

Basic idea: add next term in bias expansion to the noise 

Simplifying assumption, local in k:

Theoretical Error

Baldauf et al. (2016)
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Ce(k) ⇡
(

b22h[�2](~k)[�2](�~k)i0 ⇡ P (k)(k̂/0.31)1.8 b2 error

b23h[�3](~k)[�3](�~k)i0 ⇡ P (k)(k̂/0.23)3.3 b3 error
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e (k) �kk0

<latexit sha1_base64="yWXrjL71cSnIgYomsfFmxnrMrIg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK2IGWmKLosdOOygn1Apx0y6W0bJvMwyRTKMF/ixl9x40IRwZX+jeljoa0HAodzzuXmHjfiTCrT/DYya+sbm1vZ7dzO7t7+Qf7wqCnDWFBo0JCHou0SCZwF0FBMcWhHAojvcmi5Xm3qt8YgJAuDezWJoOuTYcAGjBKlJSd/Vaw5UHISD3u9xI4E8yFNsQ0PMRvjWq/iQNEr2RcY233giuigd57mnHzBLJsz4FViLUgBLVB38p92P6SxD4GinEjZscxIdRMiFKMc0pwdS4gI9cgQOpoGxAfZTWbnpfhMK308CIV+gcIz9fdEQnwpJ76rkz5RI7nsTcX/vE6sBjfdhAVRrCCg80WDmGMV4mlXuM8EUMUnmhAqmP4rpiMiCFW60WkJ1vLJq6RZKVtm2bq7LFSrizqy6ASdoiKy0DWqoltURw1E0SN6Rq/ozXgyXox342MezRiLmWP0B8bXD4OGoNQ=</latexit><latexit sha1_base64="yWXrjL71cSnIgYomsfFmxnrMrIg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK2IGWmKLosdOOygn1Apx0y6W0bJvMwyRTKMF/ixl9x40IRwZX+jeljoa0HAodzzuXmHjfiTCrT/DYya+sbm1vZ7dzO7t7+Qf7wqCnDWFBo0JCHou0SCZwF0FBMcWhHAojvcmi5Xm3qt8YgJAuDezWJoOuTYcAGjBKlJSd/Vaw5UHISD3u9xI4E8yFNsQ0PMRvjWq/iQNEr2RcY233giuigd57mnHzBLJsz4FViLUgBLVB38p92P6SxD4GinEjZscxIdRMiFKMc0pwdS4gI9cgQOpoGxAfZTWbnpfhMK308CIV+gcIz9fdEQnwpJ76rkz5RI7nsTcX/vE6sBjfdhAVRrCCg80WDmGMV4mlXuM8EUMUnmhAqmP4rpiMiCFW60WkJ1vLJq6RZKVtm2bq7LFSrizqy6ASdoiKy0DWqoltURw1E0SN6Rq/ozXgyXox342MezRiLmWP0B8bXD4OGoNQ=</latexit><latexit sha1_base64="yWXrjL71cSnIgYomsfFmxnrMrIg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK2IGWmKLosdOOygn1Apx0y6W0bJvMwyRTKMF/ixl9x40IRwZX+jeljoa0HAodzzuXmHjfiTCrT/DYya+sbm1vZ7dzO7t7+Qf7wqCnDWFBo0JCHou0SCZwF0FBMcWhHAojvcmi5Xm3qt8YgJAuDezWJoOuTYcAGjBKlJSd/Vaw5UHISD3u9xI4E8yFNsQ0PMRvjWq/iQNEr2RcY233giuigd57mnHzBLJsz4FViLUgBLVB38p92P6SxD4GinEjZscxIdRMiFKMc0pwdS4gI9cgQOpoGxAfZTWbnpfhMK308CIV+gcIz9fdEQnwpJ76rkz5RI7nsTcX/vE6sBjfdhAVRrCCg80WDmGMV4mlXuM8EUMUnmhAqmP4rpiMiCFW60WkJ1vLJq6RZKVtm2bq7LFSrizqy6ASdoiKy0DWqoltURw1E0SN6Rq/ozXgyXox342MezRiLmWP0B8bXD4OGoNQ=</latexit><latexit sha1_base64="yWXrjL71cSnIgYomsfFmxnrMrIg=">AAACHnicbVDLSgMxFM3UV62vqks3wSK2IGWmKLosdOOygn1Apx0y6W0bJvMwyRTKMF/ixl9x40IRwZX+jeljoa0HAodzzuXmHjfiTCrT/DYya+sbm1vZ7dzO7t7+Qf7wqCnDWFBo0JCHou0SCZwF0FBMcWhHAojvcmi5Xm3qt8YgJAuDezWJoOuTYcAGjBKlJSd/Vaw5UHISD3u9xI4E8yFNsQ0PMRvjWq/iQNEr2RcY233giuigd57mnHzBLJsz4FViLUgBLVB38p92P6SxD4GinEjZscxIdRMiFKMc0pwdS4gI9cgQOpoGxAfZTWbnpfhMK308CIV+gcIz9fdEQnwpJ76rkz5RI7nsTcX/vE6sBjfdhAVRrCCg80WDmGMV4mlXuM8EUMUnmhAqmP4rpiMiCFW60WkJ1vLJq6RZKVtm2bq7LFSrizqy6ASdoiKy0DWqoltURw1E0SN6Rq/ozXgyXox342MezRiLmWP0B8bXD4OGoNQ=</latexit>



Theoretical Error
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Summary of the Challenge

The low redshift universe is nonlinear: 

• First principles modeling essentially impossible 

• Uncertainty are absorbed into free parameters 

• Resulting bispectra degenerate with NG 

• Potential for biased measurement of  

• We can remove bias by introducing theoretical error 

• Sensitivity to pNG decreases significantly 

f eq
NL
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The Power of Locality



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
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Locality

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

Nonlinearity can never completely mimic the signal 

* we will neglect bulk-flows to simplify the presentation

R∗

Primordial NG Late-time NG



Locality

Why didn’t we see this in the cosines of the bispectra? 

All the information about         is in the bispectrum 

But projecting LSS to the bispectrum misses information 

We should quantity the cosine of the maps

f eq
NL

<latexit sha1_base64="CPFDWvj2rl4L2f5Ne+PqecJ7BQc=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZdFNy5EKtgLtDFMppN26MwkzkyEEOKruHGhiFsfxJ1v4zTNQlt/GPj4zzmcM38QM6q043xbS8srq2vrlY3q5tb2zq69t99RUSIxaeOIRbIXIEUYFaStqWakF0uCeMBIN5hcTuvdRyIVjcSdTmPicTQSNKQYaWP5di30s4Hk8OY6vy+APOS+XXcaTiG4CG4JdVCq5dtfg2GEE06Exgwp1XedWHsZkppiRvLqIFEkRniCRqRvUCBOlJcVx+fwyDhDGEbSPKFh4f6eyBBXKuWB6eRIj9V8bWr+V+snOjz3MiriRBOBZ4vChEEdwWkScEglwZqlBhCW1NwK8RhJhLXJq2pCcOe/vAidk4brNNzb03rzooyjAg7AITgGLjgDTXAFWqANMEjBM3gFb9aT9WK9Wx+z1iWrnKmBP7I+fwB1g5Si</latexit><latexit sha1_base64="CPFDWvj2rl4L2f5Ne+PqecJ7BQc=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZdFNy5EKtgLtDFMppN26MwkzkyEEOKruHGhiFsfxJ1v4zTNQlt/GPj4zzmcM38QM6q043xbS8srq2vrlY3q5tb2zq69t99RUSIxaeOIRbIXIEUYFaStqWakF0uCeMBIN5hcTuvdRyIVjcSdTmPicTQSNKQYaWP5di30s4Hk8OY6vy+APOS+XXcaTiG4CG4JdVCq5dtfg2GEE06Exgwp1XedWHsZkppiRvLqIFEkRniCRqRvUCBOlJcVx+fwyDhDGEbSPKFh4f6eyBBXKuWB6eRIj9V8bWr+V+snOjz3MiriRBOBZ4vChEEdwWkScEglwZqlBhCW1NwK8RhJhLXJq2pCcOe/vAidk4brNNzb03rzooyjAg7AITgGLjgDTXAFWqANMEjBM3gFb9aT9WK9Wx+z1iWrnKmBP7I+fwB1g5Si</latexit><latexit sha1_base64="CPFDWvj2rl4L2f5Ne+PqecJ7BQc=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZdFNy5EKtgLtDFMppN26MwkzkyEEOKruHGhiFsfxJ1v4zTNQlt/GPj4zzmcM38QM6q043xbS8srq2vrlY3q5tb2zq69t99RUSIxaeOIRbIXIEUYFaStqWakF0uCeMBIN5hcTuvdRyIVjcSdTmPicTQSNKQYaWP5di30s4Hk8OY6vy+APOS+XXcaTiG4CG4JdVCq5dtfg2GEE06Exgwp1XedWHsZkppiRvLqIFEkRniCRqRvUCBOlJcVx+fwyDhDGEbSPKFh4f6eyBBXKuWB6eRIj9V8bWr+V+snOjz3MiriRBOBZ4vChEEdwWkScEglwZqlBhCW1NwK8RhJhLXJq2pCcOe/vAidk4brNNzb03rzooyjAg7AITgGLjgDTXAFWqANMEjBM3gFb9aT9WK9Wx+z1iWrnKmBP7I+fwB1g5Si</latexit><latexit sha1_base64="CPFDWvj2rl4L2f5Ne+PqecJ7BQc=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZdFNy5EKtgLtDFMppN26MwkzkyEEOKruHGhiFsfxJ1v4zTNQlt/GPj4zzmcM38QM6q043xbS8srq2vrlY3q5tb2zq69t99RUSIxaeOIRbIXIEUYFaStqWakF0uCeMBIN5hcTuvdRyIVjcSdTmPicTQSNKQYaWP5di30s4Hk8OY6vy+APOS+XXcaTiG4CG4JdVCq5dtfg2GEE06Exgwp1XedWHsZkppiRvLqIFEkRniCRqRvUCBOlJcVx+fwyDhDGEbSPKFh4f6eyBBXKuWB6eRIj9V8bWr+V+snOjz3MiriRBOBZ4vChEEdwWkScEglwZqlBhCW1NwK8RhJhLXJq2pCcOe/vAidk4brNNzb03rzooyjAg7AITgGLjgDTXAFWqANMEjBM3gFb9aT9WK9Wx+z1iWrnKmBP7I+fwB1g5Si</latexit>

bn�
n(~x)

<latexit sha1_base64="8rTCYSWfeNdCqGWHWa22TatRklQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuCIC4r2Ac0MUwmN+3QySTMTIq1FH/FjQtF3Pof7vwbp4+Fth64cDjnXu69J8w4U9pxvq2l5ZXVtfXCRnFza3tn197bb6g0lxTqNOWpbIVEAWcC6pppDq1MAklCDs2wdzX2m32QiqXiTg8y8BPSESxmlGgjBfZhGAjsRcA1uRdlrw8UP5wGdsmpOBPgReLOSAnNUAvsLy9KaZ6A0JQTpdquk2l/SKRmlMOo6OUKMkJ7pANtQwVJQPnDyfUjfGKUCMepNCU0nqi/J4YkUWqQhKYzIbqr5r2x+J/XznV86Q+ZyHINgk4XxTnHOsXjKHDEJFDNB4YQKpm5FdMukYRqE1jRhODOv7xIGmcV16m4t+el6vUsjgI6QseojFx0garoBtVQHVH0iJ7RK3qznqwX6936mLYuWbOZA/QH1ucPT9eUew==</latexit><latexit sha1_base64="8rTCYSWfeNdCqGWHWa22TatRklQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuCIC4r2Ac0MUwmN+3QySTMTIq1FH/FjQtF3Pof7vwbp4+Fth64cDjnXu69J8w4U9pxvq2l5ZXVtfXCRnFza3tn197bb6g0lxTqNOWpbIVEAWcC6pppDq1MAklCDs2wdzX2m32QiqXiTg8y8BPSESxmlGgjBfZhGAjsRcA1uRdlrw8UP5wGdsmpOBPgReLOSAnNUAvsLy9KaZ6A0JQTpdquk2l/SKRmlMOo6OUKMkJ7pANtQwVJQPnDyfUjfGKUCMepNCU0nqi/J4YkUWqQhKYzIbqr5r2x+J/XznV86Q+ZyHINgk4XxTnHOsXjKHDEJFDNB4YQKpm5FdMukYRqE1jRhODOv7xIGmcV16m4t+el6vUsjgI6QseojFx0garoBtVQHVH0iJ7RK3qznqwX6936mLYuWbOZA/QH1ucPT9eUew==</latexit><latexit sha1_base64="8rTCYSWfeNdCqGWHWa22TatRklQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuCIC4r2Ac0MUwmN+3QySTMTIq1FH/FjQtF3Pof7vwbp4+Fth64cDjnXu69J8w4U9pxvq2l5ZXVtfXCRnFza3tn197bb6g0lxTqNOWpbIVEAWcC6pppDq1MAklCDs2wdzX2m32QiqXiTg8y8BPSESxmlGgjBfZhGAjsRcA1uRdlrw8UP5wGdsmpOBPgReLOSAnNUAvsLy9KaZ6A0JQTpdquk2l/SKRmlMOo6OUKMkJ7pANtQwVJQPnDyfUjfGKUCMepNCU0nqi/J4YkUWqQhKYzIbqr5r2x+J/XznV86Q+ZyHINgk4XxTnHOsXjKHDEJFDNB4YQKpm5FdMukYRqE1jRhODOv7xIGmcV16m4t+el6vUsjgI6QseojFx0garoBtVQHVH0iJ7RK3qznqwX6936mLYuWbOZA/QH1ucPT9eUew==</latexit><latexit sha1_base64="8rTCYSWfeNdCqGWHWa22TatRklQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoMuCIC4r2Ac0MUwmN+3QySTMTIq1FH/FjQtF3Pof7vwbp4+Fth64cDjnXu69J8w4U9pxvq2l5ZXVtfXCRnFza3tn197bb6g0lxTqNOWpbIVEAWcC6pppDq1MAklCDs2wdzX2m32QiqXiTg8y8BPSESxmlGgjBfZhGAjsRcA1uRdlrw8UP5wGdsmpOBPgReLOSAnNUAvsLy9KaZ6A0JQTpdquk2l/SKRmlMOo6OUKMkJ7pANtQwVJQPnDyfUjfGKUCMepNCU0nqi/J4YkUWqQhKYzIbqr5r2x+J/XznV86Q+ZyHINgk4XxTnHOsXjKHDEJFDNB4YQKpm5FdMukYRqE1jRhODOv7xIGmcV16m4t+el6vUsjgI6QseojFx0garoBtVQHVH0iJ7RK3qznqwX6936mLYuWbOZA/QH1ucPT9eUew==</latexit>

h�(~x1) . . . �(~xn)i
<latexit sha1_base64="pI9ltEb/N38GXNpKnFIFn1Nyqwg=">AAACIHicbVDLSgMxFM34rPVVdekmWIR2U2ZEqMuCIC4r2Ad0SslkbtvQTGZI7hRL6ae48VfcuFBEd/o1po+Fth4IHM45l5t7gkQKg6775aytb2xubWd2srt7+weHuaPjuolTzaHGYxnrZsAMSKGghgIlNBMNLAokNILB9dRvDEEbEat7HCXQjlhPia7gDK3UyZV9yVRPAvVDkMgK/hA4feh4RerLMEazpKuir2f5Ti7vltwZ6CrxFiRPFqh2cp9+GPM0AoVcMmNanptge8w0Ci5hkvVTAwnjA9aDlqWKRWDa49mBE3pulZB2Y22fQjpTf0+MWWTMKApsMmLYN8veVPzPa6XYvWqPhUpSBMXni7qppBjTaVs0FBo4ypEljGth/0p5n2nG0XaatSV4yyevkvpFyXNL3t1lvnKzqCNDTskZKRCPlEmF3JIqqRFOHskzeSVvzpPz4rw7H/PomrOYOSF/4Hz/AHMMooo=</latexit><latexit sha1_base64="pI9ltEb/N38GXNpKnFIFn1Nyqwg=">AAACIHicbVDLSgMxFM34rPVVdekmWIR2U2ZEqMuCIC4r2Ad0SslkbtvQTGZI7hRL6ae48VfcuFBEd/o1po+Fth4IHM45l5t7gkQKg6775aytb2xubWd2srt7+weHuaPjuolTzaHGYxnrZsAMSKGghgIlNBMNLAokNILB9dRvDEEbEat7HCXQjlhPia7gDK3UyZV9yVRPAvVDkMgK/hA4feh4RerLMEazpKuir2f5Ti7vltwZ6CrxFiRPFqh2cp9+GPM0AoVcMmNanptge8w0Ci5hkvVTAwnjA9aDlqWKRWDa49mBE3pulZB2Y22fQjpTf0+MWWTMKApsMmLYN8veVPzPa6XYvWqPhUpSBMXni7qppBjTaVs0FBo4ypEljGth/0p5n2nG0XaatSV4yyevkvpFyXNL3t1lvnKzqCNDTskZKRCPlEmF3JIqqRFOHskzeSVvzpPz4rw7H/PomrOYOSF/4Hz/AHMMooo=</latexit><latexit sha1_base64="pI9ltEb/N38GXNpKnFIFn1Nyqwg=">AAACIHicbVDLSgMxFM34rPVVdekmWIR2U2ZEqMuCIC4r2Ad0SslkbtvQTGZI7hRL6ae48VfcuFBEd/o1po+Fth4IHM45l5t7gkQKg6775aytb2xubWd2srt7+weHuaPjuolTzaHGYxnrZsAMSKGghgIlNBMNLAokNILB9dRvDEEbEat7HCXQjlhPia7gDK3UyZV9yVRPAvVDkMgK/hA4feh4RerLMEazpKuir2f5Ti7vltwZ6CrxFiRPFqh2cp9+GPM0AoVcMmNanptge8w0Ci5hkvVTAwnjA9aDlqWKRWDa49mBE3pulZB2Y22fQjpTf0+MWWTMKApsMmLYN8veVPzPa6XYvWqPhUpSBMXni7qppBjTaVs0FBo4ypEljGth/0p5n2nG0XaatSV4yyevkvpFyXNL3t1lvnKzqCNDTskZKRCPlEmF3JIqqRFOHskzeSVvzpPz4rw7H/PomrOYOSF/4Hz/AHMMooo=</latexit><latexit sha1_base64="pI9ltEb/N38GXNpKnFIFn1Nyqwg=">AAACIHicbVDLSgMxFM34rPVVdekmWIR2U2ZEqMuCIC4r2Ad0SslkbtvQTGZI7hRL6ae48VfcuFBEd/o1po+Fth4IHM45l5t7gkQKg6775aytb2xubWd2srt7+weHuaPjuolTzaHGYxnrZsAMSKGghgIlNBMNLAokNILB9dRvDEEbEat7HCXQjlhPia7gDK3UyZV9yVRPAvVDkMgK/hA4feh4RerLMEazpKuir2f5Ti7vltwZ6CrxFiRPFqh2cp9+GPM0AoVcMmNanptge8w0Ci5hkvVTAwnjA9aDlqWKRWDa49mBE3pulZB2Y22fQjpTf0+MWWTMKApsMmLYN8veVPzPa6XYvWqPhUpSBMXni7qppBjTaVs0FBo4ypEljGth/0p5n2nG0XaatSV4yyevkvpFyXNL3t1lvnKzqCNDTskZKRCPlEmF3JIqqRFOHskzeSVvzpPz4rw7H/PomrOYOSF/4Hz/AHMMooo=</latexit>

h�(~x1)�(~x2)i
<latexit sha1_base64="Ef6UNxnG6JRIQUDeGbHnUjpb8sM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAjtpiRF0GVBEJcV7AOaUCbT23boZBJmJsUS+htu/BU3LhRxqSv/xmmahbYeGDiccy537glizpR2nG9rbX1jc2u7sFPc3ds/OLSPjlsqSiSFJo14JDsBUcCZgKZmmkMnlkDCgEM7GF/P/fYEpGKRuNfTGPyQDAUbMEq0kXq243Eihhyw1weuSdmbAMUPPbeyJNQqnsyCPbvkVJ0MeJW4OSmhHI2e/en1I5qEIDTlRKmu68TaT4nUjHKYFb1EQUzomAyha6ggISg/zS6b4XOj9PEgkuYJjTP190RKQqWmYWCSIdEjtezNxf+8bqIHV37KRJxoEHSxaJBwrCM8rwn3mQSq+dQQQiUzf8V0RCSh2pRZNCW4yyevklat6jpV9+6iVL/J6yigU3SGyshFl6iOblEDNRFFj+gZvaI368l6sd6tj0V0zcpnTtAfWF8/kcefZg==</latexit><latexit sha1_base64="Ef6UNxnG6JRIQUDeGbHnUjpb8sM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAjtpiRF0GVBEJcV7AOaUCbT23boZBJmJsUS+htu/BU3LhRxqSv/xmmahbYeGDiccy537glizpR2nG9rbX1jc2u7sFPc3ds/OLSPjlsqSiSFJo14JDsBUcCZgKZmmkMnlkDCgEM7GF/P/fYEpGKRuNfTGPyQDAUbMEq0kXq243Eihhyw1weuSdmbAMUPPbeyJNQqnsyCPbvkVJ0MeJW4OSmhHI2e/en1I5qEIDTlRKmu68TaT4nUjHKYFb1EQUzomAyha6ggISg/zS6b4XOj9PEgkuYJjTP190RKQqWmYWCSIdEjtezNxf+8bqIHV37KRJxoEHSxaJBwrCM8rwn3mQSq+dQQQiUzf8V0RCSh2pRZNCW4yyevklat6jpV9+6iVL/J6yigU3SGyshFl6iOblEDNRFFj+gZvaI368l6sd6tj0V0zcpnTtAfWF8/kcefZg==</latexit><latexit sha1_base64="Ef6UNxnG6JRIQUDeGbHnUjpb8sM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAjtpiRF0GVBEJcV7AOaUCbT23boZBJmJsUS+htu/BU3LhRxqSv/xmmahbYeGDiccy537glizpR2nG9rbX1jc2u7sFPc3ds/OLSPjlsqSiSFJo14JDsBUcCZgKZmmkMnlkDCgEM7GF/P/fYEpGKRuNfTGPyQDAUbMEq0kXq243Eihhyw1weuSdmbAMUPPbeyJNQqnsyCPbvkVJ0MeJW4OSmhHI2e/en1I5qEIDTlRKmu68TaT4nUjHKYFb1EQUzomAyha6ggISg/zS6b4XOj9PEgkuYJjTP190RKQqWmYWCSIdEjtezNxf+8bqIHV37KRJxoEHSxaJBwrCM8rwn3mQSq+dQQQiUzf8V0RCSh2pRZNCW4yyevklat6jpV9+6iVL/J6yigU3SGyshFl6iOblEDNRFFj+gZvaI368l6sd6tj0V0zcpnTtAfWF8/kcefZg==</latexit><latexit sha1_base64="Ef6UNxnG6JRIQUDeGbHnUjpb8sM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAjtpiRF0GVBEJcV7AOaUCbT23boZBJmJsUS+htu/BU3LhRxqSv/xmmahbYeGDiccy537glizpR2nG9rbX1jc2u7sFPc3ds/OLSPjlsqSiSFJo14JDsBUcCZgKZmmkMnlkDCgEM7GF/P/fYEpGKRuNfTGPyQDAUbMEq0kXq243Eihhyw1weuSdmbAMUPPbeyJNQqnsyCPbvkVJ0MeJW4OSmhHI2e/en1I5qEIDTlRKmu68TaT4nUjHKYFb1EQUzomAyha6ggISg/zS6b4XOj9PEgkuYJjTP190RKQqWmYWCSIdEjtezNxf+8bqIHV37KRJxoEHSxaJBwrCM8rwn3mQSq+dQQQiUzf8V0RCSh2pRZNCW4yyevklat6jpV9+6iVL/J6yigU3SGyshFl6iOblEDNRFFj+gZvaI368l6sd6tj0V0zcpnTtAfWF8/kcefZg==</latexit>

Map
Correlation 

Functions

...
<latexit sha1_base64="xn+Fy6F48OvM/IPsfCpnXSWNuRA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLa+sbmVnm7srO7t39QPTxqG5VpxltMSaW7ATVcioS3UKDk3VRzGgeSd4LxzczvPHFthEoecJJyP6bDRESCUbRSuy9DhWZQrbl1dw6ySryC1KBAc1D96oeKZTFPkElqTM9zU/RzqlEwyaeVfmZ4StmYDnnP0oTG3Pj5/NopObNKSCKlbSVI5urviZzGxkziwHbGFEdm2ZuJ/3m9DKNrPxdJmiFP2GJRlEmCisxeJ6HQnKGcWEKZFvZWwkZUU4Y2oIoNwVt+eZW0L+qeW/fuL2uN2yKOMpzAKZyDB1fQgDtoQgsYPMIzvMKbo5wX5935WLSWnGLmGP7A+fwBvVOPPA==</latexit><latexit sha1_base64="xn+Fy6F48OvM/IPsfCpnXSWNuRA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLa+sbmVnm7srO7t39QPTxqG5VpxltMSaW7ATVcioS3UKDk3VRzGgeSd4LxzczvPHFthEoecJJyP6bDRESCUbRSuy9DhWZQrbl1dw6ySryC1KBAc1D96oeKZTFPkElqTM9zU/RzqlEwyaeVfmZ4StmYDnnP0oTG3Pj5/NopObNKSCKlbSVI5urviZzGxkziwHbGFEdm2ZuJ/3m9DKNrPxdJmiFP2GJRlEmCisxeJ6HQnKGcWEKZFvZWwkZUU4Y2oIoNwVt+eZW0L+qeW/fuL2uN2yKOMpzAKZyDB1fQgDtoQgsYPMIzvMKbo5wX5935WLSWnGLmGP7A+fwBvVOPPA==</latexit><latexit sha1_base64="xn+Fy6F48OvM/IPsfCpnXSWNuRA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLa+sbmVnm7srO7t39QPTxqG5VpxltMSaW7ATVcioS3UKDk3VRzGgeSd4LxzczvPHFthEoecJJyP6bDRESCUbRSuy9DhWZQrbl1dw6ySryC1KBAc1D96oeKZTFPkElqTM9zU/RzqlEwyaeVfmZ4StmYDnnP0oTG3Pj5/NopObNKSCKlbSVI5urviZzGxkziwHbGFEdm2ZuJ/3m9DKNrPxdJmiFP2GJRlEmCisxeJ6HQnKGcWEKZFvZWwkZUU4Y2oIoNwVt+eZW0L+qeW/fuL2uN2yKOMpzAKZyDB1fQgDtoQgsYPMIzvMKbo5wX5935WLSWnGLmGP7A+fwBvVOPPA==</latexit><latexit sha1_base64="xn+Fy6F48OvM/IPsfCpnXSWNuRA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBEI8V7Ae0oWw2m3btJht2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ndLa+sbmVnm7srO7t39QPTxqG5VpxltMSaW7ATVcioS3UKDk3VRzGgeSd4LxzczvPHFthEoecJJyP6bDRESCUbRSuy9DhWZQrbl1dw6ySryC1KBAc1D96oeKZTFPkElqTM9zU/RzqlEwyaeVfmZ4StmYDnnP0oTG3Pj5/NopObNKSCKlbSVI5urviZzGxkziwHbGFEdm2ZuJ/3m9DKNrPxdJmiFP2GJRlEmCisxeJ6HQnKGcWEKZFvZWwkZUU4Y2oIoNwVt+eZW0L+qeW/fuL2uN2yKOMpzAKZyDB1fQgDtoQgsYPMIzvMKbo5wX5935WLSWnGLmGP7A+fwBvVOPPA==</latexit>



Map-level Information

Work with the likelihood of a given map 

             is the Gaussian initial conditions for the density  

             is the matter power spectrum 

This is just cosmic variance: 

i.e. the likelihood of starting with this Gaussian field

LCV = exp
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P (k)

!

<latexit sha1_base64="hkdY9aBh2hkPyuVYBlwQ8vNzaj8="></latexit><latexit sha1_base64="hkdY9aBh2hkPyuVYBlwQ8vNzaj8="></latexit><latexit sha1_base64="hkdY9aBh2hkPyuVYBlwQ8vNzaj8="></latexit><latexit sha1_base64="hkdY9aBh2hkPyuVYBlwQ8vNzaj8="></latexit>

L = LCV ⇥ Lobs
<latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit><latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit><latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit><latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit>

�(k)
<latexit sha1_base64="+KChh1UVBZKItSvUcrSvmQPgNY8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/YhrLZbNqlm03YnQil9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZZJMM95kiUx0J6CGS6F4EwVK3kk1p3EgeTsY3c789hPXRiTqAccp92M6UCISjKKVHnshl0iro3PSL1fcmjsHWSVeTiqQo9Evf/XChGUxV8gkNabruSn6E6pRMMmnpV5meErZiA5411JFY278yfziKTmzSkiiRNtSSObq74kJjY0Zx4HtjCkOzbI3E//zuhlG1/5EqDRDrthiUZRJggmZvU9CoTlDObaEMi3srYQNqaYMbUglG4K3/PIqaV3UPLfm3V9W6jd5HEU4gVOoggdXUIc7aEATGCh4hld4c4zz4rw7H4vWgpPPHMMfOJ8/fe2QIA==</latexit><latexit sha1_base64="+KChh1UVBZKItSvUcrSvmQPgNY8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/YhrLZbNqlm03YnQil9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZZJMM95kiUx0J6CGS6F4EwVK3kk1p3EgeTsY3c789hPXRiTqAccp92M6UCISjKKVHnshl0iro3PSL1fcmjsHWSVeTiqQo9Evf/XChGUxV8gkNabruSn6E6pRMMmnpV5meErZiA5411JFY278yfziKTmzSkiiRNtSSObq74kJjY0Zx4HtjCkOzbI3E//zuhlG1/5EqDRDrthiUZRJggmZvU9CoTlDObaEMi3srYQNqaYMbUglG4K3/PIqaV3UPLfm3V9W6jd5HEU4gVOoggdXUIc7aEATGCh4hld4c4zz4rw7H4vWgpPPHMMfOJ8/fe2QIA==</latexit><latexit sha1_base64="+KChh1UVBZKItSvUcrSvmQPgNY8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/YhrLZbNqlm03YnQil9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZZJMM95kiUx0J6CGS6F4EwVK3kk1p3EgeTsY3c789hPXRiTqAccp92M6UCISjKKVHnshl0iro3PSL1fcmjsHWSVeTiqQo9Evf/XChGUxV8gkNabruSn6E6pRMMmnpV5meErZiA5411JFY278yfziKTmzSkiiRNtSSObq74kJjY0Zx4HtjCkOzbI3E//zuhlG1/5EqDRDrthiUZRJggmZvU9CoTlDObaEMi3srYQNqaYMbUglG4K3/PIqaV3UPLfm3V9W6jd5HEU4gVOoggdXUIc7aEATGCh4hld4c4zz4rw7H4vWgpPPHMMfOJ8/fe2QIA==</latexit><latexit sha1_base64="+KChh1UVBZKItSvUcrSvmQPgNY8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/YhrLZbNqlm03YnQil9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZZJMM95kiUx0J6CGS6F4EwVK3kk1p3EgeTsY3c789hPXRiTqAccp92M6UCISjKKVHnshl0iro3PSL1fcmjsHWSVeTiqQo9Evf/XChGUxV8gkNabruSn6E6pRMMmnpV5meErZiA5411JFY278yfziKTmzSkiiRNtSSObq74kJjY0Zx4HtjCkOzbI3E//zuhlG1/5EqDRDrthiUZRJggmZvU9CoTlDObaEMi3srYQNqaYMbUglG4K3/PIqaV3UPLfm3V9W6jd5HEU4gVOoggdXUIc7aEATGCh4hld4c4zz4rw7H4vWgpPPHMMfOJ8/fe2QIA==</latexit>

P (k)
<latexit sha1_base64="AcgKNIJ7iGo6NWNEn0tR6glkXMs=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaXmrXJxaBS9ereHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpjW6CjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5L2Zd336v7DVbVxW8RRglM4gxr4cA0NuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwA3BI2u</latexit><latexit sha1_base64="AcgKNIJ7iGo6NWNEn0tR6glkXMs=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaXmrXJxaBS9ereHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpjW6CjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5L2Zd336v7DVbVxW8RRglM4gxr4cA0NuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwA3BI2u</latexit><latexit sha1_base64="AcgKNIJ7iGo6NWNEn0tR6glkXMs=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaXmrXJxaBS9ereHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpjW6CjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5L2Zd336v7DVbVxW8RRglM4gxr4cA0NuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwA3BI2u</latexit><latexit sha1_base64="AcgKNIJ7iGo6NWNEn0tR6glkXMs=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaXmrXJxaBS9ereHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpjW6CjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5L2Zd336v7DVbVxW8RRglM4gxr4cA0NuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwA3BI2u</latexit>



Map-level Information

Work with the likelihood of a given map 

Model:

Lobs = exp
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<latexit sha1_base64="bFjhPxWAOmTgA9JpgjkV+HlO3fg="></latexit><latexit sha1_base64="bFjhPxWAOmTgA9JpgjkV+HlO3fg="></latexit><latexit sha1_base64="bFjhPxWAOmTgA9JpgjkV+HlO3fg="></latexit><latexit sha1_base64="bFjhPxWAOmTgA9JpgjkV+HlO3fg="></latexit>

L = LCV ⇥ Lobs
<latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit><latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit><latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit><latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit>

�g(~x) =
1X

n=1

⇣
bn[�

n](~x) + nf eq
NLbn[�̄

n�1 �NG](~x)
⌘

<latexit sha1_base64="CovW64ViMvIQbz2vy8io99oJGTY="></latexit><latexit sha1_base64="CovW64ViMvIQbz2vy8io99oJGTY="></latexit><latexit sha1_base64="CovW64ViMvIQbz2vy8io99oJGTY="></latexit><latexit sha1_base64="CovW64ViMvIQbz2vy8io99oJGTY="></latexit>

�NG(~k) =

Z
d3pd3q

(2⇡)3
Beq(~p, ~q )

6P�(p)P�(q)
�(~p)�(~q ) �D(~p+ ~q � ~k)

<latexit sha1_base64="oRl8r0yIlQubdtm7DZpzDZZJcwo="></latexit><latexit sha1_base64="oRl8r0yIlQubdtm7DZpzDZZJcwo="></latexit><latexit sha1_base64="oRl8r0yIlQubdtm7DZpzDZZJcwo="></latexit><latexit sha1_base64="oRl8r0yIlQubdtm7DZpzDZZJcwo="></latexit>



Map-level Information

Work with the likelihood of a given map 

Data:                                             (observed map of galaxies) 

Assume stochastic bias dominated by shot noise

Lobs = exp
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� 1
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Z
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⌘2
◆

<latexit sha1_base64="bFjhPxWAOmTgA9JpgjkV+HlO3fg="></latexit><latexit sha1_base64="bFjhPxWAOmTgA9JpgjkV+HlO3fg="></latexit><latexit sha1_base64="bFjhPxWAOmTgA9JpgjkV+HlO3fg="></latexit><latexit sha1_base64="bFjhPxWAOmTgA9JpgjkV+HlO3fg="></latexit>

L = LCV ⇥ Lobs
<latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit><latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit><latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit><latexit sha1_base64="eIpuZuE/YkThBYZpbx/+hs3S2is=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyKq5KIqBuh2I0LFxXsBZoQJtNJO3RmEmYmQgl5Eze+ihsXioi7vo3TNoK2/jDw8Z9zOHP+MGFUaccZW0vLK6tr66WN8ubW9s6uvbffUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDsc1if19iORisbiQY8S4nPUFzSiGGljBfZF5mHE4F0OT67hDweZJzmst3JPU07UnB+HKg/silN1poKL4BZQAYUagf3l9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk65BgcxeP5vel8Nj4/RgFEvzhIZT9/dEhrhSIx6aTo70QM3XJuZ/tW6qoys/oyJJNRF4tihKGdQxnIQFe1QSrNnIAMKSmr9CPEASYW0iLZsQ3PmTF6F1VnWdqnt/XqndFHGUwCE4AqfABZegBm5BAzQBBk/gBbyBd+vZerU+rM9Z65JVzByAP7LG35Ldohk=</latexit>

�obsg (~x) = �̄g(~x) + ✏(~x)
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Maximum Likelihood Forecasts

In principle, one could just MCMC the full likelihood 

Goal: find best fit contours for all the variables 

Note we are reconstructing the initial map (not          ) 

This is a very high-dimensional optimization problem 

Many groups working on this, speed up via ML/AI 

We don’t need to solve this problem for forecasting

�(~x), bn, f
eq
NL, . . .
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Maximum Likelihood Forecasts

First, we find the maximum likelihood ICs 

Basically we are just inverting the map from 

Possible in the perturbative regime  
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filter out the noise 

dominated modes
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<latexit sha1_base64="YIdA3uQt1F7RNI8rfDQ688W2dkI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZdFNy4r2As0IUwmJ+3QySTMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOcw5f5hxprTjfFtr6xubW9u1nfru3v7BoX103FNpLil0acpTOQiJAs4EdDXTHAaZBJKEHPrh5HZW7z+CVCwVD7rIwE/ISLCYUaKNFdgNLwKuCfZ0ihcYjAK76bScufAquBU0UaVOYH95UUrzBISmnCg1dJ1M+yWRmlEO07qXK8gInZARDA0KkoDyy/nyU3xmnAjHqTRPaDx3f0+UJFGqSELTmRA9Vsu1mflfbZjr+NovmchyDYIuPopzjs2lsyRwxCRQzQsDhEpmdsV0TCSh2uRVNyG4yyevQu+i5Tot9/6y2b6p4qihE3SKzpGLrlAb3aEO6iKKCvSMXtGb9WS9WO/Wx6J1zapmGuiPrM8fN0SUeg==</latexit><latexit sha1_base64="YIdA3uQt1F7RNI8rfDQ688W2dkI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZdFNy4r2As0IUwmJ+3QySTMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOcw5f5hxprTjfFtr6xubW9u1nfru3v7BoX103FNpLil0acpTOQiJAs4EdDXTHAaZBJKEHPrh5HZW7z+CVCwVD7rIwE/ISLCYUaKNFdgNLwKuCfZ0ihcYjAK76bScufAquBU0UaVOYH95UUrzBISmnCg1dJ1M+yWRmlEO07qXK8gInZARDA0KkoDyy/nyU3xmnAjHqTRPaDx3f0+UJFGqSELTmRA9Vsu1mflfbZjr+NovmchyDYIuPopzjs2lsyRwxCRQzQsDhEpmdsV0TCSh2uRVNyG4yyevQu+i5Tot9/6y2b6p4qihE3SKzpGLrlAb3aEO6iKKCvSMXtGb9WS9WO/Wx6J1zapmGuiPrM8fN0SUeg==</latexit><latexit sha1_base64="YIdA3uQt1F7RNI8rfDQ688W2dkI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZdFNy4r2As0IUwmJ+3QySTMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOcw5f5hxprTjfFtr6xubW9u1nfru3v7BoX103FNpLil0acpTOQiJAs4EdDXTHAaZBJKEHPrh5HZW7z+CVCwVD7rIwE/ISLCYUaKNFdgNLwKuCfZ0ihcYjAK76bScufAquBU0UaVOYH95UUrzBISmnCg1dJ1M+yWRmlEO07qXK8gInZARDA0KkoDyy/nyU3xmnAjHqTRPaDx3f0+UJFGqSELTmRA9Vsu1mflfbZjr+NovmchyDYIuPopzjs2lsyRwxCRQzQsDhEpmdsV0TCSh2uRVNyG4yyevQu+i5Tot9/6y2b6p4qihE3SKzpGLrlAb3aEO6iKKCvSMXtGb9WS9WO/Wx6J1zapmGuiPrM8fN0SUeg==</latexit><latexit sha1_base64="YIdA3uQt1F7RNI8rfDQ688W2dkI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEVyURQZdFNy4r2As0IUwmJ+3QySTMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOcw5f5hxprTjfFtr6xubW9u1nfru3v7BoX103FNpLil0acpTOQiJAs4EdDXTHAaZBJKEHPrh5HZW7z+CVCwVD7rIwE/ISLCYUaKNFdgNLwKuCfZ0ihcYjAK76bScufAquBU0UaVOYH95UUrzBISmnCg1dJ1M+yWRmlEO07qXK8gInZARDA0KkoDyy/nyU3xmnAjHqTRPaDx3f0+UJFGqSELTmRA9Vsu1mflfbZjr+NovmchyDYIuPopzjs2lsyRwxCRQzQsDhEpmdsV0TCSh2uRVNyG4yyevQu+i5Tot9/6y2b6p4qihE3SKzpGLrlAb3aEO6iKKCvSMXtGb9WS9WO/Wx6J1zapmGuiPrM8fN0SUeg==</latexit>



Maximum Likelihood Forecasts

Next, calculate the Fisher matrix with fixed map 

Where 

For                         , this is identical to the bispectrum 

Reason: we use the bispectrum because it is optimal 

In fact, the usual proof uses the map-level information
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<latexit sha1_base64="cbXYl9g4gwJFkgIQjdetyuk/auM=">AAACFnicbZBNS8NAEIY3flu/qh69LBbBg5akCHoUvXgQUbBaaGrYbCft0s0m7k6EEvIrvPhXvHhQxKt489+4rT2o9YWFh3dmmJ03TKUw6LqfzsTk1PTM7Nx8aWFxaXmlvLp2ZZJMc6jzRCa6ETIDUiioo0AJjVQDi0MJ12HveFC/vgNtRKIusZ9CK2YdJSLBGVorKO/62AVkgaC+UNTPaRjUdqi/Q6Mg93VMz06LmyHAbeEXQbniVt2h6Dh4I6iQkc6D8offTngWg0IumTFNz02xlTONgksoSn5mIGW8xzrQtKhYDKaVD88q6JZ12jRKtH0K6dD9OZGz2Jh+HNrOmGHX/K0NzP9qzQyjg1YuVJohKP69KMokxYQOMqJtoYGj7FtgXAv7V8q7TDOONsmSDcH7e/I4XNWqnlv1LvYqh0ejOObIBtkk28Qj++SQnJBzUiec3JNH8kxenAfnyXl13r5bJ5zRzDr5Jef9CwZRngo=</latexit><latexit sha1_base64="cbXYl9g4gwJFkgIQjdetyuk/auM=">AAACFnicbZBNS8NAEIY3flu/qh69LBbBg5akCHoUvXgQUbBaaGrYbCft0s0m7k6EEvIrvPhXvHhQxKt489+4rT2o9YWFh3dmmJ03TKUw6LqfzsTk1PTM7Nx8aWFxaXmlvLp2ZZJMc6jzRCa6ETIDUiioo0AJjVQDi0MJ12HveFC/vgNtRKIusZ9CK2YdJSLBGVorKO/62AVkgaC+UNTPaRjUdqi/Q6Mg93VMz06LmyHAbeEXQbniVt2h6Dh4I6iQkc6D8offTngWg0IumTFNz02xlTONgksoSn5mIGW8xzrQtKhYDKaVD88q6JZ12jRKtH0K6dD9OZGz2Jh+HNrOmGHX/K0NzP9qzQyjg1YuVJohKP69KMokxYQOMqJtoYGj7FtgXAv7V8q7TDOONsmSDcH7e/I4XNWqnlv1LvYqh0ejOObIBtkk28Qj++SQnJBzUiec3JNH8kxenAfnyXl13r5bJ5zRzDr5Jef9CwZRngo=</latexit><latexit sha1_base64="cbXYl9g4gwJFkgIQjdetyuk/auM=">AAACFnicbZBNS8NAEIY3flu/qh69LBbBg5akCHoUvXgQUbBaaGrYbCft0s0m7k6EEvIrvPhXvHhQxKt489+4rT2o9YWFh3dmmJ03TKUw6LqfzsTk1PTM7Nx8aWFxaXmlvLp2ZZJMc6jzRCa6ETIDUiioo0AJjVQDi0MJ12HveFC/vgNtRKIusZ9CK2YdJSLBGVorKO/62AVkgaC+UNTPaRjUdqi/Q6Mg93VMz06LmyHAbeEXQbniVt2h6Dh4I6iQkc6D8offTngWg0IumTFNz02xlTONgksoSn5mIGW8xzrQtKhYDKaVD88q6JZ12jRKtH0K6dD9OZGz2Jh+HNrOmGHX/K0NzP9qzQyjg1YuVJohKP69KMokxYQOMqJtoYGj7FtgXAv7V8q7TDOONsmSDcH7e/I4XNWqnlv1LvYqh0ejOObIBtkk28Qj++SQnJBzUiec3JNH8kxenAfnyXl13r5bJ5zRzDr5Jef9CwZRngo=</latexit><latexit sha1_base64="cbXYl9g4gwJFkgIQjdetyuk/auM=">AAACFnicbZBNS8NAEIY3flu/qh69LBbBg5akCHoUvXgQUbBaaGrYbCft0s0m7k6EEvIrvPhXvHhQxKt489+4rT2o9YWFh3dmmJ03TKUw6LqfzsTk1PTM7Nx8aWFxaXmlvLp2ZZJMc6jzRCa6ETIDUiioo0AJjVQDi0MJ12HveFC/vgNtRKIusZ9CK2YdJSLBGVorKO/62AVkgaC+UNTPaRjUdqi/Q6Mg93VMz06LmyHAbeEXQbniVt2h6Dh4I6iQkc6D8offTngWg0IumTFNz02xlTONgksoSn5mIGW8xzrQtKhYDKaVD88q6JZ12jRKtH0K6dD9OZGz2Jh+HNrOmGHX/K0NzP9qzQyjg1YuVJohKP69KMokxYQOMqJtoYGj7FtgXAv7V8q7TDOONsmSDcH7e/I4XNWqnlv1LvYqh0ejOObIBtkk28Qj++SQnJBzUiec3JNH8kxenAfnyXl13r5bJ5zRzDr5Jef9CwZRngo=</latexit>



Maximum Likelihood Forecasts

The benefits of the map become apparent for 

Define a cosine for the maps 

bn>2
<latexit sha1_base64="ZpnpnNrbYrBp0m1mpDEwaMcMEAY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1AkGmbqpzQblilt1FyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5N2req5Ve/hqtK4zeMowhmcwyV4UIcG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w8DAY9X</latexit><latexit sha1_base64="ZpnpnNrbYrBp0m1mpDEwaMcMEAY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1AkGmbqpzQblilt1FyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5N2req5Ve/hqtK4zeMowhmcwyV4UIcG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w8DAY9X</latexit><latexit sha1_base64="ZpnpnNrbYrBp0m1mpDEwaMcMEAY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1AkGmbqpzQblilt1FyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5N2req5Ve/hqtK4zeMowhmcwyV4UIcG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w8DAY9X</latexit><latexit sha1_base64="ZpnpnNrbYrBp0m1mpDEwaMcMEAY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1AkGmbqpzQblilt1FyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5N2req5Ve/hqtK4zeMowhmcwyV4UIcG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w8DAY9X</latexit>
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<latexit sha1_base64="xz7z0x9k6PiYNH/8Ul6oitDQfy4="></latexit><latexit sha1_base64="xz7z0x9k6PiYNH/8Ul6oitDQfy4="></latexit><latexit sha1_base64="xz7z0x9k6PiYNH/8Ul6oitDQfy4="></latexit><latexit sha1_base64="xz7z0x9k6PiYNH/8Ul6oitDQfy4="></latexit>
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<latexit sha1_base64="SA8LHppt5GPuls355N6qlWHrgmE="></latexit><latexit sha1_base64="SA8LHppt5GPuls355N6qlWHrgmE="></latexit><latexit sha1_base64="SA8LHppt5GPuls355N6qlWHrgmE="></latexit><latexit sha1_base64="SA8LHppt5GPuls355N6qlWHrgmE="></latexit>



Maximum Likelihood Forecasts
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Lessons

Changes maps from biasing are distinguishable from NG 

In terms of correlation function the dominant info is 

Reflected in two-point functions of composite operators 

bn�
n(~x)

<latexit sha1_base64="ZdymIrVI3FDphLbfTJABSC9aj0M=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuixIIjHCvYDmlg220m7dLMJu5tiCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGF5P/dYIpGKxuNfjBPyI9AULGSXaSF37KOhmYuL1gGvyICreCCh+POvaZafqzICXiZuTMspR79pfXi+maQRCU06U6rhOov2MSM0oh0nJSxUkhA5JHzqGChKB8rPZ+RN8apQeDmNpSmg8U39PZCRSahwFpjMieqAWvan4n9dJdXjlZ0wkqQZB54vClGMd42kWuMckUM3HhhAqmbkV0wGRhGqTWMmE4C6+vEya51XXqbp3F+XaTR5HER2jE1RBLrpENXSL6qiBKMrQM3pFb9aT9WK9Wx/z1oKVzxyiP7A+fwDLppVd</latexit><latexit sha1_base64="ZdymIrVI3FDphLbfTJABSC9aj0M=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuixIIjHCvYDmlg220m7dLMJu5tiCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGF5P/dYIpGKxuNfjBPyI9AULGSXaSF37KOhmYuL1gGvyICreCCh+POvaZafqzICXiZuTMspR79pfXi+maQRCU06U6rhOov2MSM0oh0nJSxUkhA5JHzqGChKB8rPZ+RN8apQeDmNpSmg8U39PZCRSahwFpjMieqAWvan4n9dJdXjlZ0wkqQZB54vClGMd42kWuMckUM3HhhAqmbkV0wGRhGqTWMmE4C6+vEya51XXqbp3F+XaTR5HER2jE1RBLrpENXSL6qiBKMrQM3pFb9aT9WK9Wx/z1oKVzxyiP7A+fwDLppVd</latexit><latexit sha1_base64="ZdymIrVI3FDphLbfTJABSC9aj0M=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuixIIjHCvYDmlg220m7dLMJu5tiCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGF5P/dYIpGKxuNfjBPyI9AULGSXaSF37KOhmYuL1gGvyICreCCh+POvaZafqzICXiZuTMspR79pfXi+maQRCU06U6rhOov2MSM0oh0nJSxUkhA5JHzqGChKB8rPZ+RN8apQeDmNpSmg8U39PZCRSahwFpjMieqAWvan4n9dJdXjlZ0wkqQZB54vClGMd42kWuMckUM3HhhAqmbkV0wGRhGqTWMmE4C6+vEya51XXqbp3F+XaTR5HER2jE1RBLrpENXSL6qiBKMrQM3pFb9aT9WK9Wx/z1oKVzxyiP7A+fwDLppVd</latexit><latexit sha1_base64="ZdymIrVI3FDphLbfTJABSC9aj0M=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuixIIjHCvYDmlg220m7dLMJu5tiCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGF5P/dYIpGKxuNfjBPyI9AULGSXaSF37KOhmYuL1gGvyICreCCh+POvaZafqzICXiZuTMspR79pfXi+maQRCU06U6rhOov2MSM0oh0nJSxUkhA5JHzqGChKB8rPZ+RN8apQeDmNpSmg8U39PZCRSahwFpjMieqAWvan4n9dJdXjlZ0wkqQZB54vClGMd42kWuMckUM3HhhAqmbkV0wGRhGqTWMmE4C6+vEya51XXqbp3F+XaTR5HER2jE1RBLrpENXSL6qiBKMrQM3pFb9aT9WK9Wx/z1oKVzxyiP7A+fwDLppVd</latexit>

(N+1)-point function

h[�n](~x)[�m](0)i = 0 m 6= n
<latexit sha1_base64="QvZ5dcPNDJzufWEVBYXkjHCN+V4="></latexit><latexit sha1_base64="QvZ5dcPNDJzufWEVBYXkjHCN+V4="></latexit><latexit sha1_base64="QvZ5dcPNDJzufWEVBYXkjHCN+V4="></latexit><latexit sha1_base64="QvZ5dcPNDJzufWEVBYXkjHCN+V4="></latexit>

h[�n](~x)�NG(0)i = 0 n > 2
<latexit sha1_base64="eUoRsi902wgZJ593RgtwQ5jBDGM="></latexit><latexit sha1_base64="eUoRsi902wgZJ593RgtwQ5jBDGM="></latexit><latexit sha1_base64="eUoRsi902wgZJ593RgtwQ5jBDGM="></latexit><latexit sha1_base64="eUoRsi902wgZJ593RgtwQ5jBDGM="></latexit>



Future Prospects



Low-z Forecasts

We will consider a box at z=0 of some fixed size V 

This is a harder problem that a realistic survey 

Higher-z will be better, test the worst case version 

Unless otherwise stated 

We want to see the limitations of nonlinearity only

V = 300 (Gpc/h)3
<latexit sha1_base64="UV+jKXLFk6zsA9hZCPOGvb51Qd8=">AAACAnicbVDLSgMxFM34rPU16krcBItQQWrGCroRCoK6rGAf0BlLJs20ocnMkGSEMhQ3/oobF4q49Svc+Tem7Sy09cCFwzn3cu89fsyZ0gh9W3PzC4tLy7mV/Ora+samvbVdV1EiCa2RiEey6WNFOQtpTTPNaTOWFAuf04bfvxz5jQcqFYvCOz2IqSdwN2QBI1gbqW3v1i9gGSHoHsFi6koBr2MyPO4d3pfbdgGV0BhwljgZKYAM1bb95XYikggaasKxUi0HxdpLsdSMcDrMu4miMSZ93KUtQ0MsqPLS8QtDeGCUDgwiaSrUcKz+nkixUGogfNMpsO6paW8k/ue1Eh2ceykL40TTkEwWBQmHOoKjPGCHSUo0HxiCiWTmVkh6WGKiTWp5E4Iz/fIsqZ+UHFRybk8LlassjhzYA/ugCBxwBirgBlRBDRDwCJ7BK3iznqwX6936mLTOWdnMDvgD6/MH+R6UnQ==</latexit><latexit sha1_base64="UV+jKXLFk6zsA9hZCPOGvb51Qd8=">AAACAnicbVDLSgMxFM34rPU16krcBItQQWrGCroRCoK6rGAf0BlLJs20ocnMkGSEMhQ3/oobF4q49Svc+Tem7Sy09cCFwzn3cu89fsyZ0gh9W3PzC4tLy7mV/Ora+samvbVdV1EiCa2RiEey6WNFOQtpTTPNaTOWFAuf04bfvxz5jQcqFYvCOz2IqSdwN2QBI1gbqW3v1i9gGSHoHsFi6koBr2MyPO4d3pfbdgGV0BhwljgZKYAM1bb95XYikggaasKxUi0HxdpLsdSMcDrMu4miMSZ93KUtQ0MsqPLS8QtDeGCUDgwiaSrUcKz+nkixUGogfNMpsO6paW8k/ue1Eh2ceykL40TTkEwWBQmHOoKjPGCHSUo0HxiCiWTmVkh6WGKiTWp5E4Iz/fIsqZ+UHFRybk8LlassjhzYA/ugCBxwBirgBlRBDRDwCJ7BK3iznqwX6936mLTOWdnMDvgD6/MH+R6UnQ==</latexit><latexit sha1_base64="UV+jKXLFk6zsA9hZCPOGvb51Qd8=">AAACAnicbVDLSgMxFM34rPU16krcBItQQWrGCroRCoK6rGAf0BlLJs20ocnMkGSEMhQ3/oobF4q49Svc+Tem7Sy09cCFwzn3cu89fsyZ0gh9W3PzC4tLy7mV/Ora+samvbVdV1EiCa2RiEey6WNFOQtpTTPNaTOWFAuf04bfvxz5jQcqFYvCOz2IqSdwN2QBI1gbqW3v1i9gGSHoHsFi6koBr2MyPO4d3pfbdgGV0BhwljgZKYAM1bb95XYikggaasKxUi0HxdpLsdSMcDrMu4miMSZ93KUtQ0MsqPLS8QtDeGCUDgwiaSrUcKz+nkixUGogfNMpsO6paW8k/ue1Eh2ceykL40TTkEwWBQmHOoKjPGCHSUo0HxiCiWTmVkh6WGKiTWp5E4Iz/fIsqZ+UHFRybk8LlassjhzYA/ugCBxwBirgBlRBDRDwCJ7BK3iznqwX6936mLTOWdnMDvgD6/MH+R6UnQ==</latexit><latexit sha1_base64="UV+jKXLFk6zsA9hZCPOGvb51Qd8=">AAACAnicbVDLSgMxFM34rPU16krcBItQQWrGCroRCoK6rGAf0BlLJs20ocnMkGSEMhQ3/oobF4q49Svc+Tem7Sy09cCFwzn3cu89fsyZ0gh9W3PzC4tLy7mV/Ora+samvbVdV1EiCa2RiEey6WNFOQtpTTPNaTOWFAuf04bfvxz5jQcqFYvCOz2IqSdwN2QBI1gbqW3v1i9gGSHoHsFi6koBr2MyPO4d3pfbdgGV0BhwljgZKYAM1bb95XYikggaasKxUi0HxdpLsdSMcDrMu4miMSZ93KUtQ0MsqPLS8QtDeGCUDgwiaSrUcKz+nkixUGogfNMpsO6paW8k/ue1Eh2ceykL40TTkEwWBQmHOoKjPGCHSUo0HxiCiWTmVkh6WGKiTWp5E4Iz/fIsqZ+UHFRybk8LlassjhzYA/ugCBxwBirgBlRBDRDwCJ7BK3iznqwX6936mLTOWdnMDvgD6/MH+R6UnQ==</latexit>

Ng = 1010
<latexit sha1_base64="Flce/ry28m7l4XqatRvtMMhav6M=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU0lE0ItQEMSTVLAf0K4lm6ZtaDa7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvCCWwliMv73cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXrPCSt6MNadhIHkjGF5P/caIayMi9WDHMfdD2leiJxi1TvLvOn10hQh+TAmedIolXMYzoGVCMlKCDNVO8avdjVgScmWZpMa0CI6tn1JtBZN8UmgnhseUDWmftxxVNOTGT2dHT9CJU7qoF2lXyqKZ+nsipaEx4zBwnSG1A7PoTcX/vFZie5d+KlScWK7YfFEvkchGaJoA6grNmZVjRyjTwt2K2IBqyqzLqeBCIIsvL5P6WZngMrk/L1VusjjycATHcAoELqACt1CFGjB4gmd4hTdv5L14797HvDXnZTOH8Afe5w+OipCp</latexit><latexit sha1_base64="Flce/ry28m7l4XqatRvtMMhav6M=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU0lE0ItQEMSTVLAf0K4lm6ZtaDa7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvCCWwliMv73cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXrPCSt6MNadhIHkjGF5P/caIayMi9WDHMfdD2leiJxi1TvLvOn10hQh+TAmedIolXMYzoGVCMlKCDNVO8avdjVgScmWZpMa0CI6tn1JtBZN8UmgnhseUDWmftxxVNOTGT2dHT9CJU7qoF2lXyqKZ+nsipaEx4zBwnSG1A7PoTcX/vFZie5d+KlScWK7YfFEvkchGaJoA6grNmZVjRyjTwt2K2IBqyqzLqeBCIIsvL5P6WZngMrk/L1VusjjycATHcAoELqACt1CFGjB4gmd4hTdv5L14797HvDXnZTOH8Afe5w+OipCp</latexit><latexit sha1_base64="Flce/ry28m7l4XqatRvtMMhav6M=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU0lE0ItQEMSTVLAf0K4lm6ZtaDa7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvCCWwliMv73cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXrPCSt6MNadhIHkjGF5P/caIayMi9WDHMfdD2leiJxi1TvLvOn10hQh+TAmedIolXMYzoGVCMlKCDNVO8avdjVgScmWZpMa0CI6tn1JtBZN8UmgnhseUDWmftxxVNOTGT2dHT9CJU7qoF2lXyqKZ+nsipaEx4zBwnSG1A7PoTcX/vFZie5d+KlScWK7YfFEvkchGaJoA6grNmZVjRyjTwt2K2IBqyqzLqeBCIIsvL5P6WZngMrk/L1VusjjycATHcAoELqACt1CFGjB4gmd4hTdv5L14797HvDXnZTOH8Afe5w+OipCp</latexit><latexit sha1_base64="Flce/ry28m7l4XqatRvtMMhav6M=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU0lE0ItQEMSTVLAf0K4lm6ZtaDa7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvCCWwliMv73cyura+kZ+s7C1vbO7V9w/qJso0YzXWCQj3Qyo4VIoXrPCSt6MNadhIHkjGF5P/caIayMi9WDHMfdD2leiJxi1TvLvOn10hQh+TAmedIolXMYzoGVCMlKCDNVO8avdjVgScmWZpMa0CI6tn1JtBZN8UmgnhseUDWmftxxVNOTGT2dHT9CJU7qoF2lXyqKZ+nsipaEx4zBwnSG1A7PoTcX/vFZie5d+KlScWK7YfFEvkchGaJoA6grNmZVjRyjTwt2K2IBqyqzLqeBCIIsvL5P6WZngMrk/L1VusjjycATHcAoELqACt1CFGjB4gmd4hTdv5L14797HvDXnZTOH8Afe5w+OipCp</latexit>

kmax = 0.2hMpc�1
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Low-z Forecasts

Expand the biasing model to include additional terms: 

All quadratic terms are captured by bispectrum 

Cubic terms and higher we distinguish map & bispectrum

�g(~x) =b1� + b2�
2 + bG2

�
(@j@j�)

2 � (@2�)2
�
+ b@2@2�

+ b3�
3 + b4�

4 + · · ·
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Low-z Forecasts

We will compare to bispectrum with modeling noise 

i.e. theoretical error applied equally to all correlators 

Modeling noise = extra contribution to Gaussian noise 

We will compare to marginalizing over 

P (k) +
1

n̄
! P (k) +N2 + k2�kV Ce(k)
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Low-z Forecasts

f eq
NL +b2 +bG2 +b3 +b4 +b5 +b∂2 +b∂4
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Low-z Forecasts
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Summary

What we learn from map-level forecasts: 

• Map level forecasts ~ bispectrum with  

• Theoretical/modeling error is overly conservative 

• Bias coefficients capture our uncertainty of modeling 

• Higher derivatives terms are dangerous = nonlocality

b2, bG2 , f
eq.
NL
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Status

First ever LSS constraints on pNG from the bispectrum 
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Analysis B

Cabass, Ivanov, Philcox, et al. (2022)



Status

First ever LSS constraints on pNG from the bispectrum

D’Amico, Lewandowski, et al. (2022)
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Status

Bispectrum forecasts without T.E = map level forecasts 

Euclid: 

Euclid: 

21cm intensity mapping (e.g. PUMA) 

�(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) = 16

<latexit sha1_base64="waJ01YyYeDm/scppkaamv3bEC48=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRERN0IBUFciFSwF2himEwn7dCZJM5MhBKydeOruHGhiFvfwJ1v4zTNQlt/GPj4zzmcOb8fMyqVZX0bc/MLi0vLpZXy6tr6xqa5td2SUSIwaeKIRaLjI0kYDUlTUcVIJxYEcZ+Rtj88H9fbD0RIGoW3ahQTl6N+SAOKkdKWZ0JH0j5H1cBLHcHh9VV2lwO5zw7gGbSPPbNi1axccBbsAiqgUMMzv5xehBNOQoUZkrJrW7FyUyQUxYxkZSeRJEZ4iPqkqzFEnEg3zS/J4L52ejCIhH6hgrn7eyJFXMoR93UnR2ogp2tj879aN1HBqZvSME4UCfFkUZAwqCI4jgX2qCBYsZEGhAXVf4V4gATCSodX1iHY0yfPQuuwZls1++aoUr8o4iiBXbAHqsAGJ6AOLkEDNAEGj+AZvII348l4Md6Nj0nrnFHM7IA/Mj5/AFMhmMo=</latexit><latexit sha1_base64="waJ01YyYeDm/scppkaamv3bEC48=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRERN0IBUFciFSwF2himEwn7dCZJM5MhBKydeOruHGhiFvfwJ1v4zTNQlt/GPj4zzmcOb8fMyqVZX0bc/MLi0vLpZXy6tr6xqa5td2SUSIwaeKIRaLjI0kYDUlTUcVIJxYEcZ+Rtj88H9fbD0RIGoW3ahQTl6N+SAOKkdKWZ0JH0j5H1cBLHcHh9VV2lwO5zw7gGbSPPbNi1axccBbsAiqgUMMzv5xehBNOQoUZkrJrW7FyUyQUxYxkZSeRJEZ4iPqkqzFEnEg3zS/J4L52ejCIhH6hgrn7eyJFXMoR93UnR2ogp2tj879aN1HBqZvSME4UCfFkUZAwqCI4jgX2qCBYsZEGhAXVf4V4gATCSodX1iHY0yfPQuuwZls1++aoUr8o4iiBXbAHqsAGJ6AOLkEDNAEGj+AZvII348l4Md6Nj0nrnFHM7IA/Mj5/AFMhmMo=</latexit><latexit sha1_base64="waJ01YyYeDm/scppkaamv3bEC48=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRERN0IBUFciFSwF2himEwn7dCZJM5MhBKydeOruHGhiFvfwJ1v4zTNQlt/GPj4zzmcOb8fMyqVZX0bc/MLi0vLpZXy6tr6xqa5td2SUSIwaeKIRaLjI0kYDUlTUcVIJxYEcZ+Rtj88H9fbD0RIGoW3ahQTl6N+SAOKkdKWZ0JH0j5H1cBLHcHh9VV2lwO5zw7gGbSPPbNi1axccBbsAiqgUMMzv5xehBNOQoUZkrJrW7FyUyQUxYxkZSeRJEZ4iPqkqzFEnEg3zS/J4L52ejCIhH6hgrn7eyJFXMoR93UnR2ogp2tj879aN1HBqZvSME4UCfFkUZAwqCI4jgX2qCBYsZEGhAXVf4V4gATCSodX1iHY0yfPQuuwZls1++aoUr8o4iiBXbAHqsAGJ6AOLkEDNAEGj+AZvII348l4Md6Nj0nrnFHM7IA/Mj5/AFMhmMo=</latexit><latexit sha1_base64="waJ01YyYeDm/scppkaamv3bEC48=">AAACCXicbZDLSsNAFIYnXmu9RV26GSxC3ZRERN0IBUFciFSwF2himEwn7dCZJM5MhBKydeOruHGhiFvfwJ1v4zTNQlt/GPj4zzmcOb8fMyqVZX0bc/MLi0vLpZXy6tr6xqa5td2SUSIwaeKIRaLjI0kYDUlTUcVIJxYEcZ+Rtj88H9fbD0RIGoW3ahQTl6N+SAOKkdKWZ0JH0j5H1cBLHcHh9VV2lwO5zw7gGbSPPbNi1axccBbsAiqgUMMzv5xehBNOQoUZkrJrW7FyUyQUxYxkZSeRJEZ4iPqkqzFEnEg3zS/J4L52ejCIhH6hgrn7eyJFXMoR93UnR2ogp2tj879aN1HBqZvSME4UCfFkUZAwqCI4jgX2qCBYsZEGhAXVf4V4gATCSodX1iHY0yfPQuuwZls1++aoUr8o4iiBXbAHqsAGJ6AOLkEDNAEGj+AZvII348l4Md6Nj0nrnFHM7IA/Mj5/AFMhmMo=</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 = 0.15hMpc�1/D(z)
<latexit sha1_base64="DfEwdzVneLfFaUIyL9iNdK2jf8o=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCai6EYo2IUboYJ9QFPLZDpth84kYWYi1pDfcOOvuHGhiEtd+TdO0iy09cC9HM65l5l73IBRqSzr25iZnZtfWMwt5ZdXVtfWzY3NuvRDgUkN+8wXTRdJwqhHaooqRpqBIIi7jDTc4UXiN+6IkNT3btQoIG2O+h7tUYyUljqmNexEjuCQo/sYnkOrZJ9AZx8OkpYaVwGOb6MDO4aHsFJ82OuYBatkpYDTxM5IAWSodsxPp+vjkBNPYYakbNlWoNoREopiRuK8E0oSIDxEfdLS1EOcyHaUXhbDXa10Yc8XujwFU/X3RoS4lCPu6kmO1EBOeon4n9cKVe+sHVEvCBXx8PihXsig8mESE+xSQbBiI00QFlT/FeIBEggrHWZeh2BPnjxN6kclWwd6fVwoV7I4cmAb7IAisMEpKINLUAU1gMEjeAav4M14Ml6Md+NjPDpjZDtb4A+Mrx90JZzO</latexit><latexit sha1_base64="DfEwdzVneLfFaUIyL9iNdK2jf8o=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCai6EYo2IUboYJ9QFPLZDpth84kYWYi1pDfcOOvuHGhiEtd+TdO0iy09cC9HM65l5l73IBRqSzr25iZnZtfWMwt5ZdXVtfWzY3NuvRDgUkN+8wXTRdJwqhHaooqRpqBIIi7jDTc4UXiN+6IkNT3btQoIG2O+h7tUYyUljqmNexEjuCQo/sYnkOrZJ9AZx8OkpYaVwGOb6MDO4aHsFJ82OuYBatkpYDTxM5IAWSodsxPp+vjkBNPYYakbNlWoNoREopiRuK8E0oSIDxEfdLS1EOcyHaUXhbDXa10Yc8XujwFU/X3RoS4lCPu6kmO1EBOeon4n9cKVe+sHVEvCBXx8PihXsig8mESE+xSQbBiI00QFlT/FeIBEggrHWZeh2BPnjxN6kclWwd6fVwoV7I4cmAb7IAisMEpKINLUAU1gMEjeAav4M14Ml6Md+NjPDpjZDtb4A+Mrx90JZzO</latexit><latexit sha1_base64="DfEwdzVneLfFaUIyL9iNdK2jf8o=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCai6EYo2IUboYJ9QFPLZDpth84kYWYi1pDfcOOvuHGhiEtd+TdO0iy09cC9HM65l5l73IBRqSzr25iZnZtfWMwt5ZdXVtfWzY3NuvRDgUkN+8wXTRdJwqhHaooqRpqBIIi7jDTc4UXiN+6IkNT3btQoIG2O+h7tUYyUljqmNexEjuCQo/sYnkOrZJ9AZx8OkpYaVwGOb6MDO4aHsFJ82OuYBatkpYDTxM5IAWSodsxPp+vjkBNPYYakbNlWoNoREopiRuK8E0oSIDxEfdLS1EOcyHaUXhbDXa10Yc8XujwFU/X3RoS4lCPu6kmO1EBOeon4n9cKVe+sHVEvCBXx8PihXsig8mESE+xSQbBiI00QFlT/FeIBEggrHWZeh2BPnjxN6kclWwd6fVwoV7I4cmAb7IAisMEpKINLUAU1gMEjeAav4M14Ml6Md+NjPDpjZDtb4A+Mrx90JZzO</latexit><latexit sha1_base64="DfEwdzVneLfFaUIyL9iNdK2jf8o=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCai6EYo2IUboYJ9QFPLZDpth84kYWYi1pDfcOOvuHGhiEtd+TdO0iy09cC9HM65l5l73IBRqSzr25iZnZtfWMwt5ZdXVtfWzY3NuvRDgUkN+8wXTRdJwqhHaooqRpqBIIi7jDTc4UXiN+6IkNT3btQoIG2O+h7tUYyUljqmNexEjuCQo/sYnkOrZJ9AZx8OkpYaVwGOb6MDO4aHsFJ82OuYBatkpYDTxM5IAWSodsxPp+vjkBNPYYakbNlWoNoREopiRuK8E0oSIDxEfdLS1EOcyHaUXhbDXa10Yc8XujwFU/X3RoS4lCPu6kmO1EBOeon4n9cKVe+sHVEvCBXx8PihXsig8mESE+xSQbBiI00QFlT/FeIBEggrHWZeh2BPnjxN6kclWwd6fVwoV7I4cmAb7IAisMEpKINLUAU1gMEjeAav4M14Ml6Md+NjPDpjZDtb4A+Mrx90JZzO</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>

with theoretical error
kmax = 0.1hMpc�1/D(z)
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Summary



Summary

The future of pNG lies in LSS surveys 

• There has been a lot of pessimism pNG in LSS 

• Unknown nonlinear physics is a fundamental concern 

• We showed locality protects us from these issues 

• Analysis is possible without perfect modeling 

• Challenge now is to put this into practice



Future Directions

There are additional challenges in real surveys: 

• We have neglected RSD and bulk flow / reconstruction 

• Galaxy surveys may be limited by shot noise 

• 21cm intensity avoid shot noise 

• Currently limited by beams and foregrounds

CHIME collaboration (2022)



Thank you
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Low-z Forecasts
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