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• Non-Gaussianity

• Current and future constraints

• Relativistic galaxy power spectrum and bispectrum
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The information about the non-linearity of the evolution of 
the perturbations from inflation all the way to the LSS is 
contained in higher-order correlation functions

We will be interested in the limit
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Squeezed limit information
The squeezed limit contains model independent information about
the physics during inflation
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The squeezed limit contains model independent information about
the physics during inflation

H

B(q, k1, k2)
q!0⇠

1

q

1

q3

Single field Multi field

Squeezed limit information



The squeezed limit contains model independent information about
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The squeezed limit contains model independent information about
the physics during inflation
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A way of writing the EFT for inflation

EFT of  Inflation

t

'
⇡'(t, ~x) = 'o(t+ ⇡(t, ~x))

I define the field perturbations in the following way

Cheung, Creminelli, Fitzpatrick, Kaplan, Senatore, 2008
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Consider a phenomenological model:

This shape is the one produced by multi-field models.
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Creminelli, 2003  [arXiv: astro-ph/0306122]
Cheung et. al., 2008 [arXiv: 0709.0293]
Senatore et. al., 2010 [arXiv: 09053746]

Equilateral Orthogonal

General single field models

Find templates that are like the NG produced by the 2 EFT operators

CMB Constraints



CMB Constraints

Equilateral

Orthogonal

LocalMulti-field

Single-field
EFT

f loc
NL = �0.9± 5.1
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Planck collaboration 2019

(68% CL)
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Implications for theory

Consistent with single-field f loc
NL = O(0.1)
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Implications for theory

Consistent with single-field

Multi-field predicts                     if spectator field.f loc
NL = O(1)
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if coupled to inflaton.f loc
NL = O(0.1)
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if coupled to inflaton.f loc
NL = O(0.1)
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NL = O(0.1)
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Consistent with weakly coupled inflation

The EFT of inflation teaches us that f
equil
NL / (H/⇤)2
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The Scale-dependent bias

For the local model:

fNL = 0

� = �g + fNL�
2
g

Bias is the connection of galaxies and matter �g = b�

Slosar, et. al., 2008

Dalal, et. al., 2008

Matarrese, Verde, et. al., 2008



The Scale-dependent bias

For the local model:

fNL > 0

Slosar, et. al., 2008

Dalal, et. al., 2008

Matarrese, Verde, et. al., 2008� = �g + fNL�
2
g

Bias is the connection of galaxies and matter �g = b�



The Scale-dependent bias

For the local model:
Slosar, et. al., 2008

Dalal, et. al., 2008

Matarrese, Verde, et. al., 2008

fNL < 0

� = �g + fNL�
2
g

Bias is the connection of galaxies and matter �g = b�

There is a correlation between     and the number of galaxies      .�g
<latexit sha1_base64="fcs0R+H94Uz6AbGx9AA+bHO3Efs=">AAACCXicbZDLSsNAFIYnXmu9VV26CRbBVUlE0GVBFy4r2As0oZxMTtqhM5MwM1FK6BO4c6sv4U7c+hS+gw/h9LLQ1h8GPv5zDnPOH2WcaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk0VxSbNOWp6kSgkTOJTcMMx06mEETEsR0Nryf19gMqzVJ5b0YZhgL6kiWMgrFWJ7hBbqDX71WqXs2byl0Gfw5VMlejV/kO4pTmAqWhHLTu+l5mwgKUYZTjuBzkGjOgQ+hj16IEgTospvuO3VPrxG6SKvukcafu74kChNYjEdlOAWagF2sT879aNzfJVVgwmeUGJZ19lOTcNak7Od6NmUJq+MgCUMXsri4dgAJqbETlQOIjTYUAGRdBjOMiyCb3AB/bePzFMJahdV7zLd9dVOv1eVAlckxOyBnxySWpk1vSIE1CCSfP5IW8Ok/Om/PufMxaV5z5zBH5I+fzB9l7m1M=</latexit><latexit sha1_base64="fcs0R+H94Uz6AbGx9AA+bHO3Efs=">AAACCXicbZDLSsNAFIYnXmu9VV26CRbBVUlE0GVBFy4r2As0oZxMTtqhM5MwM1FK6BO4c6sv4U7c+hS+gw/h9LLQ1h8GPv5zDnPOH2WcaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk0VxSbNOWp6kSgkTOJTcMMx06mEETEsR0Nryf19gMqzVJ5b0YZhgL6kiWMgrFWJ7hBbqDX71WqXs2byl0Gfw5VMlejV/kO4pTmAqWhHLTu+l5mwgKUYZTjuBzkGjOgQ+hj16IEgTospvuO3VPrxG6SKvukcafu74kChNYjEdlOAWagF2sT879aNzfJVVgwmeUGJZ19lOTcNak7Od6NmUJq+MgCUMXsri4dgAJqbETlQOIjTYUAGRdBjOMiyCb3AB/bePzFMJahdV7zLd9dVOv1eVAlckxOyBnxySWpk1vSIE1CCSfP5IW8Ok/Om/PufMxaV5z5zBH5I+fzB9l7m1M=</latexit><latexit sha1_base64="fcs0R+H94Uz6AbGx9AA+bHO3Efs=">AAACCXicbZDLSsNAFIYnXmu9VV26CRbBVUlE0GVBFy4r2As0oZxMTtqhM5MwM1FK6BO4c6sv4U7c+hS+gw/h9LLQ1h8GPv5zDnPOH2WcaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk0VxSbNOWp6kSgkTOJTcMMx06mEETEsR0Nryf19gMqzVJ5b0YZhgL6kiWMgrFWJ7hBbqDX71WqXs2byl0Gfw5VMlejV/kO4pTmAqWhHLTu+l5mwgKUYZTjuBzkGjOgQ+hj16IEgTospvuO3VPrxG6SKvukcafu74kChNYjEdlOAWagF2sT879aNzfJVVgwmeUGJZ19lOTcNak7Od6NmUJq+MgCUMXsri4dgAJqbETlQOIjTYUAGRdBjOMiyCb3AB/bePzFMJahdV7zLd9dVOv1eVAlckxOyBnxySWpk1vSIE1CCSfP5IW8Ok/Om/PufMxaV5z5zBH5I+fzB9l7m1M=</latexit><latexit sha1_base64="fcs0R+H94Uz6AbGx9AA+bHO3Efs=">AAACCXicbZDLSsNAFIYnXmu9VV26CRbBVUlE0GVBFy4r2As0oZxMTtqhM5MwM1FK6BO4c6sv4U7c+hS+gw/h9LLQ1h8GPv5zDnPOH2WcaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk0VxSbNOWp6kSgkTOJTcMMx06mEETEsR0Nryf19gMqzVJ5b0YZhgL6kiWMgrFWJ7hBbqDX71WqXs2byl0Gfw5VMlejV/kO4pTmAqWhHLTu+l5mwgKUYZTjuBzkGjOgQ+hj16IEgTospvuO3VPrxG6SKvukcafu74kChNYjEdlOAWagF2sT879aNzfJVVgwmeUGJZ19lOTcNak7Od6NmUJq+MgCUMXsri4dgAJqbETlQOIjTYUAGRdBjOMiyCb3AB/bePzFMJahdV7zLd9dVOv1eVAlckxOyBnxySWpk1vSIE1CCSfP5IW8Ok/Om/PufMxaV5z5zBH5I+fzB9l7m1M=</latexit>

�
<latexit sha1_base64="SppL5bGg/SKKensd2waah7PR5Lo=">AAACBnicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZcOOygmkLTSmTyU07dGYSZiZKCd27c6sv4U7c+hq+gw/hpM1CWw8MfJx7L3PvCVPOtHHdL6eytr6xuVXdru3s7u0f1A+POjrJFAWfJjxRvZBo4EyCb5jh0EsVEBFy6IaTm6LefQClWSLvzTSFgSAjyWJGibGWH7THDA/rDbfpzoVXwSuhgUq1h/XvIEpoJkAayonWfc9NzSAnyjDKYVYLMg0poRMygr5FSQToQT5fdobPrBPhOFH2SYPn7u+JnAitpyK0nYKYsV6uFeZ/tX5m4utBzmSaGZB08VGccWwSXFyOI6aAGj61QKhidldMx0QRamw+tUDCI02EIDLKgwhmeZAW9xA+s/F4y2GsQuei6Vm+u2y0WmVQVXSCTtE58tAVaqFb1EY+ooihZ/SCXp0n5815dz4WrRWnnDlGf+R8/gASGpnG</latexit><latexit sha1_base64="SppL5bGg/SKKensd2waah7PR5Lo=">AAACBnicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZcOOygmkLTSmTyU07dGYSZiZKCd27c6sv4U7c+hq+gw/hpM1CWw8MfJx7L3PvCVPOtHHdL6eytr6xuVXdru3s7u0f1A+POjrJFAWfJjxRvZBo4EyCb5jh0EsVEBFy6IaTm6LefQClWSLvzTSFgSAjyWJGibGWH7THDA/rDbfpzoVXwSuhgUq1h/XvIEpoJkAayonWfc9NzSAnyjDKYVYLMg0poRMygr5FSQToQT5fdobPrBPhOFH2SYPn7u+JnAitpyK0nYKYsV6uFeZ/tX5m4utBzmSaGZB08VGccWwSXFyOI6aAGj61QKhidldMx0QRamw+tUDCI02EIDLKgwhmeZAW9xA+s/F4y2GsQuei6Vm+u2y0WmVQVXSCTtE58tAVaqFb1EY+ooihZ/SCXp0n5815dz4WrRWnnDlGf+R8/gASGpnG</latexit><latexit sha1_base64="SppL5bGg/SKKensd2waah7PR5Lo=">AAACBnicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZcOOygmkLTSmTyU07dGYSZiZKCd27c6sv4U7c+hq+gw/hpM1CWw8MfJx7L3PvCVPOtHHdL6eytr6xuVXdru3s7u0f1A+POjrJFAWfJjxRvZBo4EyCb5jh0EsVEBFy6IaTm6LefQClWSLvzTSFgSAjyWJGibGWH7THDA/rDbfpzoVXwSuhgUq1h/XvIEpoJkAayonWfc9NzSAnyjDKYVYLMg0poRMygr5FSQToQT5fdobPrBPhOFH2SYPn7u+JnAitpyK0nYKYsV6uFeZ/tX5m4utBzmSaGZB08VGccWwSXFyOI6aAGj61QKhidldMx0QRamw+tUDCI02EIDLKgwhmeZAW9xA+s/F4y2GsQuei6Vm+u2y0WmVQVXSCTtE58tAVaqFb1EY+ooihZ/SCXp0n5815dz4WrRWnnDlGf+R8/gASGpnG</latexit><latexit sha1_base64="SppL5bGg/SKKensd2waah7PR5Lo=">AAACBnicbZDNSsNAFIUn9a/Wv6pLN4NFcFUSEXRZcOOygmkLTSmTyU07dGYSZiZKCd27c6sv4U7c+hq+gw/hpM1CWw8MfJx7L3PvCVPOtHHdL6eytr6xuVXdru3s7u0f1A+POjrJFAWfJjxRvZBo4EyCb5jh0EsVEBFy6IaTm6LefQClWSLvzTSFgSAjyWJGibGWH7THDA/rDbfpzoVXwSuhgUq1h/XvIEpoJkAayonWfc9NzSAnyjDKYVYLMg0poRMygr5FSQToQT5fdobPrBPhOFH2SYPn7u+JnAitpyK0nYKYsV6uFeZ/tX5m4utBzmSaGZB08VGccWwSXFyOI6aAGj61QKhidldMx0QRamw+tUDCI02EIDLKgwhmeZAW9xA+s/F4y2GsQuei6Vm+u2y0WmVQVXSCTtE58tAVaqFb1EY+ooihZ/SCXp0n5815dz4WrRWnnDlGf+R8/gASGpnG</latexit>

h�g�gi ⇢ h��i ⇠ 1

k2
h��i

<latexit sha1_base64="auGRsy/aTFCskGtfhIXMQbelfEk="></latexit><latexit sha1_base64="auGRsy/aTFCskGtfhIXMQbelfEk="></latexit><latexit sha1_base64="auGRsy/aTFCskGtfhIXMQbelfEk="></latexit><latexit sha1_base64="auGRsy/aTFCskGtfhIXMQbelfEk="></latexit>

Sensitive to the squeezed limit!



Forecasts

Karagiannis et. al., 2018

<latexit sha1_base64="CHEdA+8cIOODxbcak3b6ibNa2Ec=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIxS4Lbly2YB/QDpJJ77SxmcyQZIQy9AvcuFDErZ/kzr8xbWehrQcCh3POJfeeIBFcG9f9dgobm1vbO8Xd0t7+weFR+fiko+NUMWyzWMSqF1CNgktsG24E9hKFNAoEdoPJ7dzvPqHSPJb3ZpqgH9GR5CFn1Fip1XwoV9yquwBZJ15OKpDD5r8Gw5ilEUrDBNW677mJ8TOqDGcCZ6VBqjGhbEJH2LdU0gi1ny0WnZELqwxJGCv7pCEL9fdERiOtp1FgkxE1Y73qzcX/vH5qwrqfcZmkBiVbfhSmgpiYzK8mQ66QGTG1hDLF7a6EjamizNhuSrYEb/XkddK5qnq1qtu6rjTqeR1FOINzuAQPbqABd9CENjBAeIZXeHMenRfn3flYRgtOPnMKf+B8/gCn6YzO</latexit>

P

<latexit sha1_base64="miuQF6C6jec4AQQYicTIhPtVst8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Koko9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq3PZLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NWHVz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVtXJVr1TyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBkrGMwA==</latexit>

B

<latexit sha1_base64="TUAyKBq3EJw3ZiWyIOl6PlVRq9o=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiij0WvXisYNpCG8pmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymsrW9sbhW3Szu7e/sH5cOjpkkyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3c381hPXRiTqEccpD2I6UCISjKKV/Aa5ILe9csWtunOQVeLlpAI5Gr3yV7efsCzmCpmkxnQ8N8VgQjUKJvm01M0MTykb0QHvWKpozE0wmR87JWdW6ZMo0bYUkrn6e2JCY2PGcWg7Y4pDs+zNxP+8ToZRLZgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilDm0/JhuAtv7xKmpdV77rqPlxV6rU8jiKcwCmcgwc3UId7aIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fQ+2Now==</latexit>

P +B

“Euclid-like” “LSST inspired”
<latexit sha1_base64="jlaP00ZiPIRwNvMG2D8irZ7H9yw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPikmPAi8cIZoFkCD2dnqRNL0N3jxCG/IMXD4p49X+8+Td2kjlo4oOCx3tVVNWLEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8O/PbT1QbpuSDnSQ0FHgoWcwItk5q9QwT6LpfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauNamDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGV1X//rJSr+VxFOEETuEcAriBOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucP7ZeOqw==</latexit>⇠ 6

<latexit sha1_base64="jlaP00ZiPIRwNvMG2D8irZ7H9yw=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPikmPAi8cIZoFkCD2dnqRNL0N3jxCG/IMXD4p49X+8+Td2kjlo4oOCx3tVVNWLEs6M9f1vr7C2vrG5Vdwu7ezu7R+UD49aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8O/PbT1QbpuSDnSQ0FHgoWcwItk5q9QwT6LpfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauNamDGZpJZKslgUpxxZhWavowHTlFg+cQQTzdytiIywxsS6gEouhGD55VXSuqgGV1X//rJSr+VxFOEETuEcAriBOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucP7ZeOqw==</latexit>⇠ 6
<latexit sha1_base64="8jxim7EYlLzLbhSt3FENtPvrpFA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKwRwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9w0TqDYoV/yqvwBaJ0FOKpCjOSh/9YeKpIJKSzg2phf4iQ0zrC0jnM5K/dTQBJMJHtGeoxILasJsce0MXThliGKlXUmLFurviQwLY6Yicp0C27FZ9ebif14vtXE9zJhMUkslWS6KU46sQvPX0ZBpSiyfOoKJZu5WRMZYY2JdQCUXQrD68jppX1WDWtW/v6406nkcRTiDc7iEAG6gAXfQhBYQeIRneIU3T3kv3rv3sWwtePnMKfyB9/kD7BOOqg==</latexit>⇠ 5

<latexit sha1_base64="uvBG30SLTZWEY+Qri3mtKFPoYME=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKwRwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9w0TKBiUK37VXwCtkyAnFcjRHJS/+kNFUkGlJRwb0wv8xIYZ1pYRTmelfmpogskEj2jPUYkFNWG2uHaGLpwyRLHSrqRFC/X3RIaFMVMRuU6B7disenPxP6+X2rgeZkwmqaWSLBfFKUdWofnraMg0JZZPHcFEM3crImOsMbEuoJILIVh9eZ20r6pBrerfX1ca9TyOIpzBOVxCADfQgDtoQgsIPMIzvMKbp7wX7937WLYWvHzmFP7A+/wB5gOOpg==</latexit>⇠ 1

<latexit sha1_base64="IrxGdDqUHt/XneHid9dkL1GIqHs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0jEYo8FLx4r2A9oQ9lsN+3S3U3c3Qgl9E948aCIV/+ON/+NmzYHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91wepv73SeqNIvlg5klNBB4LFnECDZW6g00E8hz68NqzXO9BdA68QtSgwKtYfVrMIpJKqg0hGOt+76XmCDDyjDC6bwySDVNMJniMe1bKrGgOsgW987RhVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTEzWCjMkkNVSS5aIo5cjEKH8ejZiixPCZJZgoZm9FZIIVJsZGVLEh+Ksvr5POlevXXe/+utZsFHGU4QzO4RJ8uIEm3EEL2kCAwzO8wpvz6Lw4787HsrXkFDOn8AfO5w/IkI8c</latexit>⇠ 0.5

<latexit sha1_base64="IrxGdDqUHt/XneHid9dkL1GIqHs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0jEYo8FLx4r2A9oQ9lsN+3S3U3c3Qgl9E948aCIV/+ON/+NmzYHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91wepv73SeqNIvlg5klNBB4LFnECDZW6g00E8hz68NqzXO9BdA68QtSgwKtYfVrMIpJKqg0hGOt+76XmCDDyjDC6bwySDVNMJniMe1bKrGgOsgW987RhVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTEzWCjMkkNVSS5aIo5cjEKH8ejZiixPCZJZgoZm9FZIIVJsZGVLEh+Ksvr5POlevXXe/+utZsFHGU4QzO4RJ8uIEm3EEL2kCAwzO8wpvz6Lw4787HsrXkFDOn8AfO5w/IkI8c</latexit>⇠ 0.5

Doré et. al., 2014

SPHEREx

Single tracer Multi tracer

<latexit sha1_base64="uvBG30SLTZWEY+Qri3mtKFPoYME=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKwRwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9w0TKBiUK37VXwCtkyAnFcjRHJS/+kNFUkGlJRwb0wv8xIYZ1pYRTmelfmpogskEj2jPUYkFNWG2uHaGLpwyRLHSrqRFC/X3RIaFMVMRuU6B7disenPxP6+X2rgeZkwmqaWSLBfFKUdWofnraMg0JZZPHcFEM3crImOsMbEuoJILIVh9eZ20r6pBrerfX1ca9TyOIpzBOVxCADfQgDtoQgsIPMIzvMKbp7wX7937WLYWvHzmFP7A+/wB5gOOpg==</latexit>⇠ 1

<latexit sha1_base64="XjzvZlN725DkJrdM2EDsZPY/pkE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKYo8FLx4rmLbQhrLZbtqlu5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzopQzbTzv2yltbG5t75R3K3v7B4dH1eOTtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZ37nSeqNEvkg5mmNBR4JFnMCDZW6vY1E8hz64NqzXO9BdA68QtSgwKtQfWrP0xIJqg0hGOte76XmjDHyjDC6azSzzRNMZngEe1ZKrGgOswX987QhVWGKE6ULWnQQv09kWOh9VREtlNgM9ar3lz8z+tlJm6EOZNpZqgky0VxxpFJ0Px5NGSKEsOnlmCimL0VkTFWmBgbUcWG4K++vE7adde/dr37q1qzUcRRhjM4h0vw4QaacActCIAAh2d4hTfn0Xlx3p2PZWvJKWZO4Q+czx/EBI8Z</latexit>⇠ 0.2



Can we improve on CMB?

Moradinezhad Dizgah, Biagetti, et. al., 2020



No coupling with potential

A homogeneus gravitational potential has no physical meaning

Peloso, Pietroni, 2013 Kehagias, Riotto, 2013 Creminelli, JN, Simonović, Vernizzi, 2014



A homogeneus gravitational potential has no physical meaning

� ! 0

No coupling with potential

Peloso, Pietroni, 2013 Kehagias, Riotto, 2013 Creminelli, JN, Simonović, Vernizzi, 2014



A homogeneus gravitational potential has no physical meaning

A homogeneus gravitational force can be set to zero by going 
to a freely falling frame

� ! 0

No coupling with potential

Peloso, Pietroni, 2013 Kehagias, Riotto, 2013 Creminelli, JN, Simonović, Vernizzi, 2014



A homogeneus gravitational potential has no physical meaning

A homogeneus gravitational force can be set to zero by going 
to a freely falling frame

� ! 0

r� ! 0

~V ! ~V � tr�

Peloso, Pietroni, 2013 Kehagias, Riotto, 2013 Creminelli, JN, Simonović, Vernizzi, 2014

No coupling with potential



Exploiting the consistency relation

Esposito, Hui, Scocimarro, 2019

Express the bispectrum as a series in the soft mode
<latexit sha1_base64="DM5aON3jnWdo4+cAAdjoOMP3ioE=">AAACFnicbVBNS0JBFJ1nX2ZfVss2QxIomLwXRW4CqU1Lg/wAtce8cdTBefOeM/cFIv6KNv2VNi2KaBvt+jeN+qDSDlw4nHMv997jhYJrsO0vK7G0vLK6llxPbWxube+kd/eqOogUZRUaiEDVPaKZ4JJVgINg9VAx4nuC1bz+1cSv3TOleSBvYRiylk+6knc4JWAkN318mR3k+/km9BiQHL7ATR35rsTEldkfeXAncTk7yLnpjF2wp8CLxIlJBsUou+nPZjugkc8kUEG0bjh2CK0RUcCpYONUM9IsJLRPuqxhqCQ+063R9K0xPjJKG3cCZUoCnqq/J0bE13roe6bTJ9DT895E/M9rRNAptkZchhEwSWeLOpHAEOBJRrjNFaMghoYQqri5FdMeUYSCSTJlQnDmX14k1ZOCc1awb04zpWIcRxIdoEOURQ46RyV0jcqogih6QE/oBb1aj9az9Wa9z1oTVjyzj/7A+vgGIy+c0g==</latexit>

B(q, k, ✓) =
X

n

an(k, ✓)q
nP (q)



Exploiting the consistency relation

Esposito, Hui, Scocimarro, 2019

Express the bispectrum as a series in the soft mode
<latexit sha1_base64="DM5aON3jnWdo4+cAAdjoOMP3ioE=">AAACFnicbVBNS0JBFJ1nX2ZfVss2QxIomLwXRW4CqU1Lg/wAtce8cdTBefOeM/cFIv6KNv2VNi2KaBvt+jeN+qDSDlw4nHMv997jhYJrsO0vK7G0vLK6llxPbWxube+kd/eqOogUZRUaiEDVPaKZ4JJVgINg9VAx4nuC1bz+1cSv3TOleSBvYRiylk+6knc4JWAkN318mR3k+/km9BiQHL7ATR35rsTEldkfeXAncTk7yLnpjF2wp8CLxIlJBsUou+nPZjugkc8kUEG0bjh2CK0RUcCpYONUM9IsJLRPuqxhqCQ+063R9K0xPjJKG3cCZUoCnqq/J0bE13roe6bTJ9DT895E/M9rRNAptkZchhEwSWeLOpHAEOBJRrjNFaMghoYQqri5FdMeUYSCSTJlQnDmX14k1ZOCc1awb04zpWIcRxIdoEOURQ46RyV0jcqogih6QE/oBb1aj9az9Wa9z1oTVjyzj/7A+vgGIy+c0g==</latexit>

B(q, k, ✓) =
X

n

an(k, ✓)q
nP (q)

Average over the small-wavelength momenta
<latexit sha1_base64="ZLv818+HfaQo6zvJ2fI6tCq7G1Q=">AAACEnicbZA9SwNBEIb3/IzxK2ppsxiEBCTciaKNINpYRjCJkIthbrMxS/b2LrtzQjjyG2z8KzYWitha2flv3HwUmvjCwsM7M8zOG8RSGHTdb2dufmFxaTmzkl1dW9/YzG1tV02UaMYrLJKRvg3AcCkUr6BAyW9jzSEMJK8F3cthvfbAtRGRusF+zBsh3CvRFgzQWs1c8aLQO+ge+NjhCEV6Rn2ThE1F/QB0CgNLvTtFy4VesZnLuyV3JDoL3gTyZKJyM/fltyKWhFwhk2BM3XNjbKSgUTDJB1k/MTwG1oV7XreoIOSmkY5OGtB967RoO9L2KaQj9/dECqEx/TCwnSFgx0zXhuZ/tXqC7dNGKlScIFdsvKidSIoRHeZDW0JzhrJvAZgW9q+UdUADQ5ti1obgTZ88C9XDkndccq+P8uenkzgyZJfskQLxyAk5J1ekTCqEkUfyTF7Jm/PkvDjvzse4dc6ZzOyQP3I+fwAfXZvZ</latexit>

B(q, k, ✓) =
X

n

ānq
nP (q)



Exploiting the consistency relation

Esposito, Hui, Scocimarro, 2019

Express the bispectrum as a series in the soft mode
<latexit sha1_base64="DM5aON3jnWdo4+cAAdjoOMP3ioE=">AAACFnicbVBNS0JBFJ1nX2ZfVss2QxIomLwXRW4CqU1Lg/wAtce8cdTBefOeM/cFIv6KNv2VNi2KaBvt+jeN+qDSDlw4nHMv997jhYJrsO0vK7G0vLK6llxPbWxube+kd/eqOogUZRUaiEDVPaKZ4JJVgINg9VAx4nuC1bz+1cSv3TOleSBvYRiylk+6knc4JWAkN318mR3k+/km9BiQHL7ATR35rsTEldkfeXAncTk7yLnpjF2wp8CLxIlJBsUou+nPZjugkc8kUEG0bjh2CK0RUcCpYONUM9IsJLRPuqxhqCQ+063R9K0xPjJKG3cCZUoCnqq/J0bE13roe6bTJ9DT895E/M9rRNAptkZchhEwSWeLOpHAEOBJRrjNFaMghoYQqri5FdMeUYSCSTJlQnDmX14k1ZOCc1awb04zpWIcRxIdoEOURQ46RyV0jcqogih6QE/oBb1aj9az9Wa9z1oTVjyzj/7A+vgGIy+c0g==</latexit>

B(q, k, ✓) =
X

n

an(k, ✓)q
nP (q)

Average over the small-wavelength momenta
<latexit sha1_base64="ZLv818+HfaQo6zvJ2fI6tCq7G1Q=">AAACEnicbZA9SwNBEIb3/IzxK2ppsxiEBCTciaKNINpYRjCJkIthbrMxS/b2LrtzQjjyG2z8KzYWitha2flv3HwUmvjCwsM7M8zOG8RSGHTdb2dufmFxaTmzkl1dW9/YzG1tV02UaMYrLJKRvg3AcCkUr6BAyW9jzSEMJK8F3cthvfbAtRGRusF+zBsh3CvRFgzQWs1c8aLQO+ge+NjhCEV6Rn2ThE1F/QB0CgNLvTtFy4VesZnLuyV3JDoL3gTyZKJyM/fltyKWhFwhk2BM3XNjbKSgUTDJB1k/MTwG1oV7XreoIOSmkY5OGtB967RoO9L2KaQj9/dECqEx/TCwnSFgx0zXhuZ/tXqC7dNGKlScIFdsvKidSIoRHeZDW0JzhrJvAZgW9q+UdUADQ5ti1obgTZ88C9XDkndccq+P8uenkzgyZJfskQLxyAk5J1ekTCqEkUfyTF7Jm/PkvDjvzse4dc6ZzOyQP3I+fwAfXZvZ</latexit>

B(q, k, ✓) =
X

n

ānq
nP (q)

Few points      Simpler covariance

Non-perturbative scales.



Position dependent PS

Chiang, Wagner, Schmidt, Komatsu, 2015 De Puttter, 2018

<latexit sha1_base64="7tKjeUnBpWn7yFswMZuqNPnt4To=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyURxS4LblxWsA9oQplMbtuhk0mcmQildOXGX3HjQhG3foM7/8ZpmoW2HriXwzn3MnNPkHCmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB0PfPbDyAVi8WdHifgR2QgWJ9Roo3Us489TsSAA/ZC4JpU7s9wwzRPZmrPLjtVJwNeJm5OyihHo2d/eWFM0wiEppwo1XWdRPsTIjWjHKYlL1WQEDoiA+gaKkgEyp9kZ0zxqVFC3I+lKaFxpv7emJBIqXEUmMmI6KFa9Gbif1431f2aP2EiSTUIOn+on3KsYzzLBIdMAtV8bAihkpm/YjokklBtkiuZENzFk5dJ67zqXlad24tyvZbHUURH6ARVkIuuUB3doAZqIooe0TN6RW/Wk/VivVsf89GCle8coj+wPn8AmfGX5Q==</latexit>

h�(q)P (q)i



Other techniques
Skew-spectra

Topological…

Reconstruction

Moradinezhad, et. al., 2019 

Dai, Verde, Xia, 2020

Biagetti, Cole, Shiu, 2020

Shirasaki, et. al., 2020



We observe the number density of galaxies in a direction    
and a redshift   z

n̂

However: Projection effects

Yoo, Fitzpatrick, Zaldarriaga, 2009, Durrer, Bonvin, 2011, Jeong, Schmidt, Hirata, 2011

n̄g(z) =
N̄g(z)

V
<latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit>

ng(z, n̂) = n̄g(z)(1 +�g(z, n̂))
<latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit>

For example, the frequency of the photon is sensitive to 

The separation between photon propagation and “dynamics” is
gauge-dependent.

�
<latexit sha1_base64="vEXM6dys+XwSt14Yrj+o23EOFQE=">AAACBXicbVDLSsNAFJ3UV62vqks3wSK4KokKunBRcOOygn1AE8pkctMOnZmEmYlSQtbu3OpPuBO3fof/4Ec4abPQ1gMXDufcy733BAmjSjvOl1VZWV1b36hu1ra2d3b36vsHXRWnkkCHxCyW/QArYFRAR1PNoJ9IwDxg0AsmN4XfewCpaCzu9TQBn+ORoBElWBeS1x7TYb3hNJ0Z7GXilqSBSrSH9W8vjEnKQWjCsFID10m0n2GpKWGQ17xUQYLJBI9gYKjAHJSfzW7N7ROjhHYUS1NC2zP190SGuVJTHphOjvVYLXqF+J83SHV05WdUJKkGQeaLopTZOraLx+2QSiCaTQ3BRFJzq03GWGKiTTw1T8AjiTnHIsy8EPLMS4p/MMtNPO5iGMuke9Z0z5vO3UWjdV0GVUVH6BidIhddoha6RW3UQQSN0TN6Qa/Wk/VmvVsf89aKVc4coj+wPn8Atz6Zmg==</latexit>

�z � (1 + z)(�e � �o)
<latexit sha1_base64="VGRzGvJHdnmpqYvDAdHrUgZO9j0="></latexit>



Relativistic power spectrum

Yoo, Fitzpatrick, Zaldarriaga, 2009, Durrer, Bonvin, 2011, Jeong, Schmidt, Hirata, 2011

We observe the number density of galaxies in a direction    
and a redshift   z

n̂

n̄g(z) =
N̄g(z)

V
<latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit>

ng(z, n̂) = n̄g(z)(1 +�g(z, n̂))
<latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit>

The distortion in redshift affects our measurement of the 
average number of galaxies at a given    . Parametrised byz

<latexit sha1_base64="yVCyaso+itoq3q7wDGf61bgNf1c=">AAACAnicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4Lbly2YC/QhDKZnLRDZyZhZqLUkJ07t/oS7sStL+I7+BBO2iy09YeBj/+cw5zzBwmjSjvOl1VZW9/Y3Kpu13Z29/YP6odHPRWnkkCXxCyWgwArYFRAV1PNYJBIwDxg0A+mN0W9fw9S0Vjc6VkCPsdjQSNKsDZW53FUbzhNZy57FdwSGqhUe1T/9sKYpByEJgwrNXSdRPsZlpoSBnnNSxUkmEzxGIYGBeag/Gy+aG6fGSe0o1iaJ7Q9d39PZJgrNeOB6eRYT9RyrTD/qw1THV37GRVJqkGQxUdRymwd28XVdkglEM1mBjCR1OxqkwmWmGiTTc0T8EBizrEIMy+EPPOS4h7MchOPuxzGKvQumq7hzmWj1SqDqqITdIrOkYuuUAvdojbqIoIAPaMX9Go9WW/Wu/WxaK1Y5cwx+iPr8wejtph7</latexit><latexit sha1_base64="yVCyaso+itoq3q7wDGf61bgNf1c=">AAACAnicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4Lbly2YC/QhDKZnLRDZyZhZqLUkJ07t/oS7sStL+I7+BBO2iy09YeBj/+cw5zzBwmjSjvOl1VZW9/Y3Kpu13Z29/YP6odHPRWnkkCXxCyWgwArYFRAV1PNYJBIwDxg0A+mN0W9fw9S0Vjc6VkCPsdjQSNKsDZW53FUbzhNZy57FdwSGqhUe1T/9sKYpByEJgwrNXSdRPsZlpoSBnnNSxUkmEzxGIYGBeag/Gy+aG6fGSe0o1iaJ7Q9d39PZJgrNeOB6eRYT9RyrTD/qw1THV37GRVJqkGQxUdRymwd28XVdkglEM1mBjCR1OxqkwmWmGiTTc0T8EBizrEIMy+EPPOS4h7MchOPuxzGKvQumq7hzmWj1SqDqqITdIrOkYuuUAvdojbqIoIAPaMX9Go9WW/Wu/WxaK1Y5cwx+iPr8wejtph7</latexit><latexit sha1_base64="yVCyaso+itoq3q7wDGf61bgNf1c=">AAACAnicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4Lbly2YC/QhDKZnLRDZyZhZqLUkJ07t/oS7sStL+I7+BBO2iy09YeBj/+cw5zzBwmjSjvOl1VZW9/Y3Kpu13Z29/YP6odHPRWnkkCXxCyWgwArYFRAV1PNYJBIwDxg0A+mN0W9fw9S0Vjc6VkCPsdjQSNKsDZW53FUbzhNZy57FdwSGqhUe1T/9sKYpByEJgwrNXSdRPsZlpoSBnnNSxUkmEzxGIYGBeag/Gy+aG6fGSe0o1iaJ7Q9d39PZJgrNeOB6eRYT9RyrTD/qw1THV37GRVJqkGQxUdRymwd28XVdkglEM1mBjCR1OxqkwmWmGiTTc0T8EBizrEIMy+EPPOS4h7MchOPuxzGKvQumq7hzmWj1SqDqqITdIrOkYuuUAvdojbqIoIAPaMX9Go9WW/Wu/WxaK1Y5cwx+iPr8wejtph7</latexit><latexit sha1_base64="yVCyaso+itoq3q7wDGf61bgNf1c=">AAACAnicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4Lbly2YC/QhDKZnLRDZyZhZqLUkJ07t/oS7sStL+I7+BBO2iy09YeBj/+cw5zzBwmjSjvOl1VZW9/Y3Kpu13Z29/YP6odHPRWnkkCXxCyWgwArYFRAV1PNYJBIwDxg0A+mN0W9fw9S0Vjc6VkCPsdjQSNKsDZW53FUbzhNZy57FdwSGqhUe1T/9sKYpByEJgwrNXSdRPsZlpoSBnnNSxUkmEzxGIYGBeag/Gy+aG6fGSe0o1iaJ7Q9d39PZJgrNeOB6eRYT9RyrTD/qw1THV37GRVJqkGQxUdRymwd28XVdkglEM1mBjCR1OxqkwmWmGiTTc0T8EBizrEIMy+EPPOS4h7MchOPuxzGKvQumq7hzmWj1SqDqqITdIrOkYuuUAvdojbqIoIAPaMX9Go9WW/Wu/WxaK1Y5cwx+iPr8wejtph7</latexit>

e =
d log N̄g

d log z
<latexit sha1_base64="DV2GQyOkHSebqawTYPo1SGY+38I="></latexit><latexit sha1_base64="DV2GQyOkHSebqawTYPo1SGY+38I="></latexit><latexit sha1_base64="DV2GQyOkHSebqawTYPo1SGY+38I="></latexit><latexit sha1_base64="DV2GQyOkHSebqawTYPo1SGY+38I="></latexit>

Evolution bias.



Relativistic power spectrum

Yoo, Fitzpatrick, Zaldarriaga, 2009, Durrer, Bonvin, 2011, Jeong, Schmidt, Hirata, 2011

We observe the number density of galaxies in a direction    
and a redshift   z

n̂

n̄g(z) =
N̄g(z)

V
<latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit>

ng(z, n̂) = n̄g(z)(1 +�g(z, n̂))
<latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit>

The distortion in redshift affects our measurement of the 
average number of galaxies at a given    . Parametrised byz

<latexit sha1_base64="yVCyaso+itoq3q7wDGf61bgNf1c=">AAACAnicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4Lbly2YC/QhDKZnLRDZyZhZqLUkJ07t/oS7sStL+I7+BBO2iy09YeBj/+cw5zzBwmjSjvOl1VZW9/Y3Kpu13Z29/YP6odHPRWnkkCXxCyWgwArYFRAV1PNYJBIwDxg0A+mN0W9fw9S0Vjc6VkCPsdjQSNKsDZW53FUbzhNZy57FdwSGqhUe1T/9sKYpByEJgwrNXSdRPsZlpoSBnnNSxUkmEzxGIYGBeag/Gy+aG6fGSe0o1iaJ7Q9d39PZJgrNeOB6eRYT9RyrTD/qw1THV37GRVJqkGQxUdRymwd28XVdkglEM1mBjCR1OxqkwmWmGiTTc0T8EBizrEIMy+EPPOS4h7MchOPuxzGKvQumq7hzmWj1SqDqqITdIrOkYuuUAvdojbqIoIAPaMX9Go9WW/Wu/WxaK1Y5cwx+iPr8wejtph7</latexit><latexit sha1_base64="yVCyaso+itoq3q7wDGf61bgNf1c=">AAACAnicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4Lbly2YC/QhDKZnLRDZyZhZqLUkJ07t/oS7sStL+I7+BBO2iy09YeBj/+cw5zzBwmjSjvOl1VZW9/Y3Kpu13Z29/YP6odHPRWnkkCXxCyWgwArYFRAV1PNYJBIwDxg0A+mN0W9fw9S0Vjc6VkCPsdjQSNKsDZW53FUbzhNZy57FdwSGqhUe1T/9sKYpByEJgwrNXSdRPsZlpoSBnnNSxUkmEzxGIYGBeag/Gy+aG6fGSe0o1iaJ7Q9d39PZJgrNeOB6eRYT9RyrTD/qw1THV37GRVJqkGQxUdRymwd28XVdkglEM1mBjCR1OxqkwmWmGiTTc0T8EBizrEIMy+EPPOS4h7MchOPuxzGKvQumq7hzmWj1SqDqqITdIrOkYuuUAvdojbqIoIAPaMX9Go9WW/Wu/WxaK1Y5cwx+iPr8wejtph7</latexit><latexit sha1_base64="yVCyaso+itoq3q7wDGf61bgNf1c=">AAACAnicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4Lbly2YC/QhDKZnLRDZyZhZqLUkJ07t/oS7sStL+I7+BBO2iy09YeBj/+cw5zzBwmjSjvOl1VZW9/Y3Kpu13Z29/YP6odHPRWnkkCXxCyWgwArYFRAV1PNYJBIwDxg0A+mN0W9fw9S0Vjc6VkCPsdjQSNKsDZW53FUbzhNZy57FdwSGqhUe1T/9sKYpByEJgwrNXSdRPsZlpoSBnnNSxUkmEzxGIYGBeag/Gy+aG6fGSe0o1iaJ7Q9d39PZJgrNeOB6eRYT9RyrTD/qw1THV37GRVJqkGQxUdRymwd28XVdkglEM1mBjCR1OxqkwmWmGiTTc0T8EBizrEIMy+EPPOS4h7MchOPuxzGKvQumq7hzmWj1SqDqqITdIrOkYuuUAvdojbqIoIAPaMX9Go9WW/Wu/WxaK1Y5cwx+iPr8wejtph7</latexit><latexit sha1_base64="yVCyaso+itoq3q7wDGf61bgNf1c=">AAACAnicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4Lbly2YC/QhDKZnLRDZyZhZqLUkJ07t/oS7sStL+I7+BBO2iy09YeBj/+cw5zzBwmjSjvOl1VZW9/Y3Kpu13Z29/YP6odHPRWnkkCXxCyWgwArYFRAV1PNYJBIwDxg0A+mN0W9fw9S0Vjc6VkCPsdjQSNKsDZW53FUbzhNZy57FdwSGqhUe1T/9sKYpByEJgwrNXSdRPsZlpoSBnnNSxUkmEzxGIYGBeag/Gy+aG6fGSe0o1iaJ7Q9d39PZJgrNeOB6eRYT9RyrTD/qw1THV37GRVJqkGQxUdRymwd28XVdkglEM1mBjCR1OxqkwmWmGiTTc0T8EBizrEIMy+EPPOS4h7MchOPuxzGKvQumq7hzmWj1SqDqqITdIrOkYuuUAvdojbqIoIAPaMX9Go9WW/Wu/WxaK1Y5cwx+iPr8wejtph7</latexit>

e =
d log N̄g

d log z
<latexit sha1_base64="DV2GQyOkHSebqawTYPo1SGY+38I="></latexit><latexit sha1_base64="DV2GQyOkHSebqawTYPo1SGY+38I="></latexit><latexit sha1_base64="DV2GQyOkHSebqawTYPo1SGY+38I="></latexit><latexit sha1_base64="DV2GQyOkHSebqawTYPo1SGY+38I="></latexit>

Evolution bias.

The coordinate volume is different from the physical volume.



Relativistic power spectrum

Yoo, Fitzpatrick, Zaldarriaga, 2009, Durrer, Bonvin, 2011, Jeong, Schmidt, Hirata, 2011

We observe the number density of galaxies in a direction    
and a redshift   z

n̂

n̄g(z) =
N̄g(z)

V
<latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit><latexit sha1_base64="7k9EKGD0BI9zqkTo1sBzJkT1kKI="></latexit>

ng(z, n̂) = n̄g(z)(1 +�g(z, n̂))
<latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit><latexit sha1_base64="IQztQTnhMqwFCoD9XpSmCg8zDB0="></latexit>

The distortion in redshift affects our measurement of the 
average number of galaxies at a given    . Parametrised byz
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e =
d log N̄g

d log z
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Evolution bias.

The coordinate volume is different from the physical volume.

Lensing magnification makes galaxies appear fainter or brighter.
At the threshold of observation, some may appear or disappear.

Magnification bias t
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Relativistic power spectrum
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Relativistic bispectrum
Standard steps to compute the bispectrum

Expand the metric and stress tensor in perturbations

⇢ = ⇢̄(1 + �)
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ds2 = �(1 + 2�)dt2 + 2!idx
idt+ a2((1 + 2 )�ij + �ij)dx

idxj
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Relativistic bispectrum
Standard steps to compute the bispectrum

Expand the metric and stress tensor in perturbations

⇢ = ⇢̄(1 + �)
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Fix a gauge:

@i!i = 0
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@i�ij = 0
<latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit>

ds2 = �(1 + 2�)dt2 + 2!idx
idt+ a2((1 + 2 )�ij + �ij)dx

idxj
<latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit><latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit><latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit><latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit>

Poisson:

@i�ij = 0
<latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit>

u0 =
dx0

d⌧
= 1

<latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit><latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit><latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit><latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit>

Synchronous-comoving:

Bartolo, Matarrese, Verde, …, … 2020 
Jolicoeur, Umeh, Maartens, Clarkson, 2014 … 2020,  
Di Dio, Durrer, Marozzi, Montanari, 2014, 2015 
Yoo, …, 2014 … 2020



Relativistic bispectrum
Standard steps to compute the bispectrum

Expand the metric and stress tensor in perturbations

⇢ = ⇢̄(1 + �)
<latexit sha1_base64="iDccOz4/ZZCRR2VPm6FF9oU0VUw=">AAACIHicbZDLSgNBEEV7fBtfUZciNAZBEWRGBN0IghuXCkaFTAg1PRXT2I+hu0cJw6z8E3du9SfciUv9Bj/CnpiFrwsNh1tVVNdNMsGtC8O3YGR0bHxicmq6NjM7N79QX1w6tzo3DJtMC20uE7AouMKm407gZWYQZCLwIrk+quoXN2gs1+rM9TNsS7hSvMsZOG916qux6Wl6QOMETFFxuRHRLRqnKBxsduqNcDsciP6FaAgNMtRJp/4Rp5rlEpVjAqxtRWHm2gUYx5nAshbnFjNg13CFLY8KJNp2MTijpOveSWlXG/+UowP3+0QB0tq+THynBNezv2uV+V+tlbvufrvgKssdKva1qJsL6jStMqEpN8ic6HsAZrj/K2U9MMCcT64WK7xlWkpQaeFzKYs4q+4BUfp4ot9h/IXzne3I8+lu43B/GNQUWSFrZINEZI8ckmNyQpqEkTvyQB7JU3AfPAcvwetX60gwnFkmPxS8fwKIM6Ll</latexit><latexit sha1_base64="iDccOz4/ZZCRR2VPm6FF9oU0VUw=">AAACIHicbZDLSgNBEEV7fBtfUZciNAZBEWRGBN0IghuXCkaFTAg1PRXT2I+hu0cJw6z8E3du9SfciUv9Bj/CnpiFrwsNh1tVVNdNMsGtC8O3YGR0bHxicmq6NjM7N79QX1w6tzo3DJtMC20uE7AouMKm407gZWYQZCLwIrk+quoXN2gs1+rM9TNsS7hSvMsZOG916qux6Wl6QOMETFFxuRHRLRqnKBxsduqNcDsciP6FaAgNMtRJp/4Rp5rlEpVjAqxtRWHm2gUYx5nAshbnFjNg13CFLY8KJNp2MTijpOveSWlXG/+UowP3+0QB0tq+THynBNezv2uV+V+tlbvufrvgKssdKva1qJsL6jStMqEpN8ic6HsAZrj/K2U9MMCcT64WK7xlWkpQaeFzKYs4q+4BUfp4ot9h/IXzne3I8+lu43B/GNQUWSFrZINEZI8ckmNyQpqEkTvyQB7JU3AfPAcvwetX60gwnFkmPxS8fwKIM6Ll</latexit><latexit sha1_base64="iDccOz4/ZZCRR2VPm6FF9oU0VUw=">AAACIHicbZDLSgNBEEV7fBtfUZciNAZBEWRGBN0IghuXCkaFTAg1PRXT2I+hu0cJw6z8E3du9SfciUv9Bj/CnpiFrwsNh1tVVNdNMsGtC8O3YGR0bHxicmq6NjM7N79QX1w6tzo3DJtMC20uE7AouMKm407gZWYQZCLwIrk+quoXN2gs1+rM9TNsS7hSvMsZOG916qux6Wl6QOMETFFxuRHRLRqnKBxsduqNcDsciP6FaAgNMtRJp/4Rp5rlEpVjAqxtRWHm2gUYx5nAshbnFjNg13CFLY8KJNp2MTijpOveSWlXG/+UowP3+0QB0tq+THynBNezv2uV+V+tlbvufrvgKssdKva1qJsL6jStMqEpN8ic6HsAZrj/K2U9MMCcT64WK7xlWkpQaeFzKYs4q+4BUfp4ot9h/IXzne3I8+lu43B/GNQUWSFrZINEZI8ckmNyQpqEkTvyQB7JU3AfPAcvwetX60gwnFkmPxS8fwKIM6Ll</latexit><latexit sha1_base64="iDccOz4/ZZCRR2VPm6FF9oU0VUw=">AAACIHicbZDLSgNBEEV7fBtfUZciNAZBEWRGBN0IghuXCkaFTAg1PRXT2I+hu0cJw6z8E3du9SfciUv9Bj/CnpiFrwsNh1tVVNdNMsGtC8O3YGR0bHxicmq6NjM7N79QX1w6tzo3DJtMC20uE7AouMKm407gZWYQZCLwIrk+quoXN2gs1+rM9TNsS7hSvMsZOG916qux6Wl6QOMETFFxuRHRLRqnKBxsduqNcDsciP6FaAgNMtRJp/4Rp5rlEpVjAqxtRWHm2gUYx5nAshbnFjNg13CFLY8KJNp2MTijpOveSWlXG/+UowP3+0QB0tq+THynBNezv2uV+V+tlbvufrvgKssdKva1qJsL6jStMqEpN8ic6HsAZrj/K2U9MMCcT64WK7xlWkpQaeFzKYs4q+4BUfp4ot9h/IXzne3I8+lu43B/GNQUWSFrZINEZI8ckmNyQpqEkTvyQB7JU3AfPAcvwetX60gwnFkmPxS8fwKIM6Ll</latexit>

Fix a gauge:

@i!i = 0
<latexit sha1_base64="Gy9X6rateubT6vOKJkFsfZwKNdk=">AAACGnicbZDLSgMxFIYz9V5vVRcu3ASL4KrMiKAbQXDjUsFqoVPKmcxpDc1lSDJKGeZN3LnVl3Anbt34Dj6Eaa3g7UDg4//POUn+JBPcujB8CypT0zOzc/ML1cWl5ZXV2tr6pdW5YdhkWmjTSsCi4AqbjjuBrcwgyETgVTI4GflXN2gs1+rCDTPsSOgr3uMMnJe6tc04A+M4iC6nsZbYBw9HNOzW6mEjHBf9C9EE6mRSZ93ae5xqlktUjgmwth2FmesUo+VMYFmNc4sZsAH0se1RgUTbKcYfKOmOV1La08Yf5ehY/T5RgLR2KBPfKcFd29/eSPzPa+eud9gpuMpyh4p9XtTLBXWajtKgKTfInBh6AGa4fytl12CAOZ9ZNVZ4y7SUoNIiTrEsvsIqfTzR7zD+wuVeI/J8vl8/PpwENU+2yDbZJRE5IMfklJyRJmGkJPfkgTwGd8FT8By8fLZWgsnMBvlRwesH67ahEQ==</latexit><latexit sha1_base64="Gy9X6rateubT6vOKJkFsfZwKNdk=">AAACGnicbZDLSgMxFIYz9V5vVRcu3ASL4KrMiKAbQXDjUsFqoVPKmcxpDc1lSDJKGeZN3LnVl3Anbt34Dj6Eaa3g7UDg4//POUn+JBPcujB8CypT0zOzc/ML1cWl5ZXV2tr6pdW5YdhkWmjTSsCi4AqbjjuBrcwgyETgVTI4GflXN2gs1+rCDTPsSOgr3uMMnJe6tc04A+M4iC6nsZbYBw9HNOzW6mEjHBf9C9EE6mRSZ93ae5xqlktUjgmwth2FmesUo+VMYFmNc4sZsAH0se1RgUTbKcYfKOmOV1La08Yf5ehY/T5RgLR2KBPfKcFd29/eSPzPa+eud9gpuMpyh4p9XtTLBXWajtKgKTfInBh6AGa4fytl12CAOZ9ZNVZ4y7SUoNIiTrEsvsIqfTzR7zD+wuVeI/J8vl8/PpwENU+2yDbZJRE5IMfklJyRJmGkJPfkgTwGd8FT8By8fLZWgsnMBvlRwesH67ahEQ==</latexit><latexit sha1_base64="Gy9X6rateubT6vOKJkFsfZwKNdk=">AAACGnicbZDLSgMxFIYz9V5vVRcu3ASL4KrMiKAbQXDjUsFqoVPKmcxpDc1lSDJKGeZN3LnVl3Anbt34Dj6Eaa3g7UDg4//POUn+JBPcujB8CypT0zOzc/ML1cWl5ZXV2tr6pdW5YdhkWmjTSsCi4AqbjjuBrcwgyETgVTI4GflXN2gs1+rCDTPsSOgr3uMMnJe6tc04A+M4iC6nsZbYBw9HNOzW6mEjHBf9C9EE6mRSZ93ae5xqlktUjgmwth2FmesUo+VMYFmNc4sZsAH0se1RgUTbKcYfKOmOV1La08Yf5ehY/T5RgLR2KBPfKcFd29/eSPzPa+eud9gpuMpyh4p9XtTLBXWajtKgKTfInBh6AGa4fytl12CAOZ9ZNVZ4y7SUoNIiTrEsvsIqfTzR7zD+wuVeI/J8vl8/PpwENU+2yDbZJRE5IMfklJyRJmGkJPfkgTwGd8FT8By8fLZWgsnMBvlRwesH67ahEQ==</latexit><latexit sha1_base64="Gy9X6rateubT6vOKJkFsfZwKNdk=">AAACGnicbZDLSgMxFIYz9V5vVRcu3ASL4KrMiKAbQXDjUsFqoVPKmcxpDc1lSDJKGeZN3LnVl3Anbt34Dj6Eaa3g7UDg4//POUn+JBPcujB8CypT0zOzc/ML1cWl5ZXV2tr6pdW5YdhkWmjTSsCi4AqbjjuBrcwgyETgVTI4GflXN2gs1+rCDTPsSOgr3uMMnJe6tc04A+M4iC6nsZbYBw9HNOzW6mEjHBf9C9EE6mRSZ93ae5xqlktUjgmwth2FmesUo+VMYFmNc4sZsAH0se1RgUTbKcYfKOmOV1La08Yf5ehY/T5RgLR2KBPfKcFd29/eSPzPa+eud9gpuMpyh4p9XtTLBXWajtKgKTfInBh6AGa4fytl12CAOZ9ZNVZ4y7SUoNIiTrEsvsIqfTzR7zD+wuVeI/J8vl8/PpwENU+2yDbZJRE5IMfklJyRJmGkJPfkgTwGd8FT8By8fLZWgsnMBvlRwesH67ahEQ==</latexit>

@i�ij = 0
<latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit>

ds2 = �(1 + 2�)dt2 + 2!idx
idt+ a2((1 + 2 )�ij + �ij)dx

idxj
<latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit><latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit><latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit><latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit>

Poisson:

@i�ij = 0
<latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit>

u0 =
dx0

d⌧
= 1

<latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit><latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit><latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit><latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit>

Take all fields to be small, expand Einstein’s and fluid equations 
to second order, and solve.

� ⇠ � ⇠ v ⌧ 1
<latexit sha1_base64="kGrAiBGzaVT4kkNm1ZTT53I9Czk=">AAACIHicbZDLSgMxFIYzXmu9VV2KECyCK5kRQZeCG5cV7AU6QzmTOWODSWZIMpUydOWbuHOrL+FOXOoz+BCml4W3HwIf/zmHk/PHueDG+v67Nze/sLi0XFmprq6tb2zWtrZbJis0wybLRKY7MRgUXGHTciuwk2sEGQtsx7cX43p7gNrwTF3bYY6RhBvFU87AOqtX2wsTFBZoaLikYaPPpzSgoRA06NXq/pE/Ef0LwQzqZKZGr/YZJhkrJCrLBBjTDfzcRiVoy5nAUTUsDObAbuEGuw4VSDRROTljRA+ck9A00+4pSyfu94kSpDFDGbtOCbZvftfG5n+1bmHTs6jkKi8sKjZdlBaC2oyOM6EJ18isGDoAprn7K2V90MCsS64aKrxjmZSgktKlNSrDfHwPiJGLJ/gdxl9oHR8Fjq9O6udns6AqZJfsk0MSkFNyTi5JgzQJI/fkkTyRZ+/Be/Fevbdp65w3m9khP+R9fAHKNaMK</latexit><latexit sha1_base64="kGrAiBGzaVT4kkNm1ZTT53I9Czk=">AAACIHicbZDLSgMxFIYzXmu9VV2KECyCK5kRQZeCG5cV7AU6QzmTOWODSWZIMpUydOWbuHOrL+FOXOoz+BCml4W3HwIf/zmHk/PHueDG+v67Nze/sLi0XFmprq6tb2zWtrZbJis0wybLRKY7MRgUXGHTciuwk2sEGQtsx7cX43p7gNrwTF3bYY6RhBvFU87AOqtX2wsTFBZoaLikYaPPpzSgoRA06NXq/pE/Ef0LwQzqZKZGr/YZJhkrJCrLBBjTDfzcRiVoy5nAUTUsDObAbuEGuw4VSDRROTljRA+ck9A00+4pSyfu94kSpDFDGbtOCbZvftfG5n+1bmHTs6jkKi8sKjZdlBaC2oyOM6EJ18isGDoAprn7K2V90MCsS64aKrxjmZSgktKlNSrDfHwPiJGLJ/gdxl9oHR8Fjq9O6udns6AqZJfsk0MSkFNyTi5JgzQJI/fkkTyRZ+/Be/Fevbdp65w3m9khP+R9fAHKNaMK</latexit><latexit sha1_base64="kGrAiBGzaVT4kkNm1ZTT53I9Czk=">AAACIHicbZDLSgMxFIYzXmu9VV2KECyCK5kRQZeCG5cV7AU6QzmTOWODSWZIMpUydOWbuHOrL+FOXOoz+BCml4W3HwIf/zmHk/PHueDG+v67Nze/sLi0XFmprq6tb2zWtrZbJis0wybLRKY7MRgUXGHTciuwk2sEGQtsx7cX43p7gNrwTF3bYY6RhBvFU87AOqtX2wsTFBZoaLikYaPPpzSgoRA06NXq/pE/Ef0LwQzqZKZGr/YZJhkrJCrLBBjTDfzcRiVoy5nAUTUsDObAbuEGuw4VSDRROTljRA+ck9A00+4pSyfu94kSpDFDGbtOCbZvftfG5n+1bmHTs6jkKi8sKjZdlBaC2oyOM6EJ18isGDoAprn7K2V90MCsS64aKrxjmZSgktKlNSrDfHwPiJGLJ/gdxl9oHR8Fjq9O6udns6AqZJfsk0MSkFNyTi5JgzQJI/fkkTyRZ+/Be/Fevbdp65w3m9khP+R9fAHKNaMK</latexit><latexit sha1_base64="kGrAiBGzaVT4kkNm1ZTT53I9Czk=">AAACIHicbZDLSgMxFIYzXmu9VV2KECyCK5kRQZeCG5cV7AU6QzmTOWODSWZIMpUydOWbuHOrL+FOXOoz+BCml4W3HwIf/zmHk/PHueDG+v67Nze/sLi0XFmprq6tb2zWtrZbJis0wybLRKY7MRgUXGHTciuwk2sEGQtsx7cX43p7gNrwTF3bYY6RhBvFU87AOqtX2wsTFBZoaLikYaPPpzSgoRA06NXq/pE/Ef0LwQzqZKZGr/YZJhkrJCrLBBjTDfzcRiVoy5nAUTUsDObAbuEGuw4VSDRROTljRA+ck9A00+4pSyfu94kSpDFDGbtOCbZvftfG5n+1bmHTs6jkKi8sKjZdlBaC2oyOM6EJ18isGDoAprn7K2V90MCsS64aKrxjmZSgktKlNSrDfHwPiJGLJ/gdxl9oHR8Fjq9O6udns6AqZJfsk0MSkFNyTi5JgzQJI/fkkTyRZ+/Be/Fevbdp65w3m9khP+R9fAHKNaMK</latexit>

Synchronous-comoving:

Bartolo, Matarrese, Verde, …, … 2020 
Jolicoeur, Umeh, Maartens, Clarkson, 2014 … 2020,  
Di Dio, Durrer, Marozzi, Montanari, 2014, 2015 
Yoo, …, 2014 … 2020



Relativistic bispectrum
Standard steps to compute the bispectrum

Expand the metric and stress tensor in perturbations

⇢ = ⇢̄(1 + �)
<latexit sha1_base64="iDccOz4/ZZCRR2VPm6FF9oU0VUw=">AAACIHicbZDLSgNBEEV7fBtfUZciNAZBEWRGBN0IghuXCkaFTAg1PRXT2I+hu0cJw6z8E3du9SfciUv9Bj/CnpiFrwsNh1tVVNdNMsGtC8O3YGR0bHxicmq6NjM7N79QX1w6tzo3DJtMC20uE7AouMKm407gZWYQZCLwIrk+quoXN2gs1+rM9TNsS7hSvMsZOG916qux6Wl6QOMETFFxuRHRLRqnKBxsduqNcDsciP6FaAgNMtRJp/4Rp5rlEpVjAqxtRWHm2gUYx5nAshbnFjNg13CFLY8KJNp2MTijpOveSWlXG/+UowP3+0QB0tq+THynBNezv2uV+V+tlbvufrvgKssdKva1qJsL6jStMqEpN8ic6HsAZrj/K2U9MMCcT64WK7xlWkpQaeFzKYs4q+4BUfp4ot9h/IXzne3I8+lu43B/GNQUWSFrZINEZI8ckmNyQpqEkTvyQB7JU3AfPAcvwetX60gwnFkmPxS8fwKIM6Ll</latexit><latexit sha1_base64="iDccOz4/ZZCRR2VPm6FF9oU0VUw=">AAACIHicbZDLSgNBEEV7fBtfUZciNAZBEWRGBN0IghuXCkaFTAg1PRXT2I+hu0cJw6z8E3du9SfciUv9Bj/CnpiFrwsNh1tVVNdNMsGtC8O3YGR0bHxicmq6NjM7N79QX1w6tzo3DJtMC20uE7AouMKm407gZWYQZCLwIrk+quoXN2gs1+rM9TNsS7hSvMsZOG916qux6Wl6QOMETFFxuRHRLRqnKBxsduqNcDsciP6FaAgNMtRJp/4Rp5rlEpVjAqxtRWHm2gUYx5nAshbnFjNg13CFLY8KJNp2MTijpOveSWlXG/+UowP3+0QB0tq+THynBNezv2uV+V+tlbvufrvgKssdKva1qJsL6jStMqEpN8ic6HsAZrj/K2U9MMCcT64WK7xlWkpQaeFzKYs4q+4BUfp4ot9h/IXzne3I8+lu43B/GNQUWSFrZINEZI8ckmNyQpqEkTvyQB7JU3AfPAcvwetX60gwnFkmPxS8fwKIM6Ll</latexit><latexit sha1_base64="iDccOz4/ZZCRR2VPm6FF9oU0VUw=">AAACIHicbZDLSgNBEEV7fBtfUZciNAZBEWRGBN0IghuXCkaFTAg1PRXT2I+hu0cJw6z8E3du9SfciUv9Bj/CnpiFrwsNh1tVVNdNMsGtC8O3YGR0bHxicmq6NjM7N79QX1w6tzo3DJtMC20uE7AouMKm407gZWYQZCLwIrk+quoXN2gs1+rM9TNsS7hSvMsZOG916qux6Wl6QOMETFFxuRHRLRqnKBxsduqNcDsciP6FaAgNMtRJp/4Rp5rlEpVjAqxtRWHm2gUYx5nAshbnFjNg13CFLY8KJNp2MTijpOveSWlXG/+UowP3+0QB0tq+THynBNezv2uV+V+tlbvufrvgKssdKva1qJsL6jStMqEpN8ic6HsAZrj/K2U9MMCcT64WK7xlWkpQaeFzKYs4q+4BUfp4ot9h/IXzne3I8+lu43B/GNQUWSFrZINEZI8ckmNyQpqEkTvyQB7JU3AfPAcvwetX60gwnFkmPxS8fwKIM6Ll</latexit><latexit sha1_base64="iDccOz4/ZZCRR2VPm6FF9oU0VUw=">AAACIHicbZDLSgNBEEV7fBtfUZciNAZBEWRGBN0IghuXCkaFTAg1PRXT2I+hu0cJw6z8E3du9SfciUv9Bj/CnpiFrwsNh1tVVNdNMsGtC8O3YGR0bHxicmq6NjM7N79QX1w6tzo3DJtMC20uE7AouMKm407gZWYQZCLwIrk+quoXN2gs1+rM9TNsS7hSvMsZOG916qux6Wl6QOMETFFxuRHRLRqnKBxsduqNcDsciP6FaAgNMtRJp/4Rp5rlEpVjAqxtRWHm2gUYx5nAshbnFjNg13CFLY8KJNp2MTijpOveSWlXG/+UowP3+0QB0tq+THynBNezv2uV+V+tlbvufrvgKssdKva1qJsL6jStMqEpN8ic6HsAZrj/K2U9MMCcT64WK7xlWkpQaeFzKYs4q+4BUfp4ot9h/IXzne3I8+lu43B/GNQUWSFrZINEZI8ckmNyQpqEkTvyQB7JU3AfPAcvwetX60gwnFkmPxS8fwKIM6Ll</latexit>

Fix a gauge:

@i!i = 0
<latexit sha1_base64="Gy9X6rateubT6vOKJkFsfZwKNdk=">AAACGnicbZDLSgMxFIYz9V5vVRcu3ASL4KrMiKAbQXDjUsFqoVPKmcxpDc1lSDJKGeZN3LnVl3Anbt34Dj6Eaa3g7UDg4//POUn+JBPcujB8CypT0zOzc/ML1cWl5ZXV2tr6pdW5YdhkWmjTSsCi4AqbjjuBrcwgyETgVTI4GflXN2gs1+rCDTPsSOgr3uMMnJe6tc04A+M4iC6nsZbYBw9HNOzW6mEjHBf9C9EE6mRSZ93ae5xqlktUjgmwth2FmesUo+VMYFmNc4sZsAH0se1RgUTbKcYfKOmOV1La08Yf5ehY/T5RgLR2KBPfKcFd29/eSPzPa+eud9gpuMpyh4p9XtTLBXWajtKgKTfInBh6AGa4fytl12CAOZ9ZNVZ4y7SUoNIiTrEsvsIqfTzR7zD+wuVeI/J8vl8/PpwENU+2yDbZJRE5IMfklJyRJmGkJPfkgTwGd8FT8By8fLZWgsnMBvlRwesH67ahEQ==</latexit><latexit sha1_base64="Gy9X6rateubT6vOKJkFsfZwKNdk=">AAACGnicbZDLSgMxFIYz9V5vVRcu3ASL4KrMiKAbQXDjUsFqoVPKmcxpDc1lSDJKGeZN3LnVl3Anbt34Dj6Eaa3g7UDg4//POUn+JBPcujB8CypT0zOzc/ML1cWl5ZXV2tr6pdW5YdhkWmjTSsCi4AqbjjuBrcwgyETgVTI4GflXN2gs1+rCDTPsSOgr3uMMnJe6tc04A+M4iC6nsZbYBw9HNOzW6mEjHBf9C9EE6mRSZ93ae5xqlktUjgmwth2FmesUo+VMYFmNc4sZsAH0se1RgUTbKcYfKOmOV1La08Yf5ehY/T5RgLR2KBPfKcFd29/eSPzPa+eud9gpuMpyh4p9XtTLBXWajtKgKTfInBh6AGa4fytl12CAOZ9ZNVZ4y7SUoNIiTrEsvsIqfTzR7zD+wuVeI/J8vl8/PpwENU+2yDbZJRE5IMfklJyRJmGkJPfkgTwGd8FT8By8fLZWgsnMBvlRwesH67ahEQ==</latexit><latexit sha1_base64="Gy9X6rateubT6vOKJkFsfZwKNdk=">AAACGnicbZDLSgMxFIYz9V5vVRcu3ASL4KrMiKAbQXDjUsFqoVPKmcxpDc1lSDJKGeZN3LnVl3Anbt34Dj6Eaa3g7UDg4//POUn+JBPcujB8CypT0zOzc/ML1cWl5ZXV2tr6pdW5YdhkWmjTSsCi4AqbjjuBrcwgyETgVTI4GflXN2gs1+rCDTPsSOgr3uMMnJe6tc04A+M4iC6nsZbYBw9HNOzW6mEjHBf9C9EE6mRSZ93ae5xqlktUjgmwth2FmesUo+VMYFmNc4sZsAH0se1RgUTbKcYfKOmOV1La08Yf5ehY/T5RgLR2KBPfKcFd29/eSPzPa+eud9gpuMpyh4p9XtTLBXWajtKgKTfInBh6AGa4fytl12CAOZ9ZNVZ4y7SUoNIiTrEsvsIqfTzR7zD+wuVeI/J8vl8/PpwENU+2yDbZJRE5IMfklJyRJmGkJPfkgTwGd8FT8By8fLZWgsnMBvlRwesH67ahEQ==</latexit><latexit sha1_base64="Gy9X6rateubT6vOKJkFsfZwKNdk=">AAACGnicbZDLSgMxFIYz9V5vVRcu3ASL4KrMiKAbQXDjUsFqoVPKmcxpDc1lSDJKGeZN3LnVl3Anbt34Dj6Eaa3g7UDg4//POUn+JBPcujB8CypT0zOzc/ML1cWl5ZXV2tr6pdW5YdhkWmjTSsCi4AqbjjuBrcwgyETgVTI4GflXN2gs1+rCDTPsSOgr3uMMnJe6tc04A+M4iC6nsZbYBw9HNOzW6mEjHBf9C9EE6mRSZ93ae5xqlktUjgmwth2FmesUo+VMYFmNc4sZsAH0se1RgUTbKcYfKOmOV1La08Yf5ehY/T5RgLR2KBPfKcFd29/eSPzPa+eud9gpuMpyh4p9XtTLBXWajtKgKTfInBh6AGa4fytl12CAOZ9ZNVZ4y7SUoNIiTrEsvsIqfTzR7zD+wuVeI/J8vl8/PpwENU+2yDbZJRE5IMfklJyRJmGkJPfkgTwGd8FT8By8fLZWgsnMBvlRwesH67ahEQ==</latexit>

@i�ij = 0
<latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit>

ds2 = �(1 + 2�)dt2 + 2!idx
idt+ a2((1 + 2 )�ij + �ij)dx

idxj
<latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit><latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit><latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit><latexit sha1_base64="yEKtfcS2jrbhQVTLWiRY6X5Y8CY="></latexit>

Poisson:

@i�ij = 0
<latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit><latexit sha1_base64="uiNA3JmIL6wFTJf6IxIdUfkalF4=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgSmZE0I0guHGpYLXQKcOZzGkbTTJDklHKMOCbuHOrL+FO3Irv4EOYXgStHgj8/P85J8kXZ4Ib6/sf3sTk1PTM7Nx8ZWFxaXmlurp2adJcM6yzVKS6EYNBwRXWLbcCG5lGkLHAq/jmpJ9f3aI2PFUXtpdhS0JH8TZnYJ0VVTfCDLTlICJOww5ICVHBr0t6RP2oWvN3/UHRvyIYiRoZ1VlU/QyTlOUSlWUCjGkGfmZbRX8/E1hWwtxgBuwGOth0UoFE0yoGfyjptnMS2k61O8rSgftzogBpTE/GrlOC7ZrxrG/+lzVz2z5sFVxluUXFhhe1c0FtSvtAaMI1Mit6TgDT3L2Vsi5oYNZhq4QK71jqsKikCBMsi29epcMTjMP4Ky73dgOnz/drx4cjUHNkk2yRHRKQA3JMTskZqRNG7skjeSLP3oP34r16b8PWCW80s05+lff+Bas8oos=</latexit>

u0 =
dx0

d⌧
= 1

<latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit><latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit><latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit><latexit sha1_base64="DEaSYxDTiYj+7Bo23e/H76QwVc4=">AAACH3icbZDLSgMxFIYz3q23qktdBIvgSmZE0I0guHGpYFuh05YzmTMaTDJDklHLMBvfxJ1bfQl34rbv4EOYXhZq/SHw859zODlflAlurO/3vanpmdm5+YXFytLyyupadX2jYdJcM6yzVKT6OgKDgiusW24FXmcaQUYCm9Hd2aDevEdteKqubC/DtoQbxRPOwLqoW93OOz49oWGigRXxY8cvizi0kJcuDLrVmr/vD0UnTTA2NTLWRbf6FcYpyyUqywQY0wr8zLYL0JYzgWUlzA1mwO7gBlvOKpBo2sXwipLuuiSmSardU5YO058TBUhjejJynRLsrflbG4T/1Vq5TY7bBVdZblGx0aIkF9SmdICExlwjs6LnDDDN3V8puwUHxDpwlVDhA0ulBBUXYYxlEWaDe0CUDk/wF8akaRzsB85fHtZOj8egFsgW2SF7JCBH5JSckwtSJ4w8kRfySt68Z+/d+/A+R61T3nhmk/yS1/8GMdmiwg==</latexit>

Take all fields to be small, expand Einstein’s and fluid equations 
to second order, and solve.

� ⇠ � ⇠ v ⌧ 1
<latexit sha1_base64="kGrAiBGzaVT4kkNm1ZTT53I9Czk=">AAACIHicbZDLSgMxFIYzXmu9VV2KECyCK5kRQZeCG5cV7AU6QzmTOWODSWZIMpUydOWbuHOrL+FOXOoz+BCml4W3HwIf/zmHk/PHueDG+v67Nze/sLi0XFmprq6tb2zWtrZbJis0wybLRKY7MRgUXGHTciuwk2sEGQtsx7cX43p7gNrwTF3bYY6RhBvFU87AOqtX2wsTFBZoaLikYaPPpzSgoRA06NXq/pE/Ef0LwQzqZKZGr/YZJhkrJCrLBBjTDfzcRiVoy5nAUTUsDObAbuEGuw4VSDRROTljRA+ck9A00+4pSyfu94kSpDFDGbtOCbZvftfG5n+1bmHTs6jkKi8sKjZdlBaC2oyOM6EJ18isGDoAprn7K2V90MCsS64aKrxjmZSgktKlNSrDfHwPiJGLJ/gdxl9oHR8Fjq9O6udns6AqZJfsk0MSkFNyTi5JgzQJI/fkkTyRZ+/Be/Fevbdp65w3m9khP+R9fAHKNaMK</latexit><latexit sha1_base64="kGrAiBGzaVT4kkNm1ZTT53I9Czk=">AAACIHicbZDLSgMxFIYzXmu9VV2KECyCK5kRQZeCG5cV7AU6QzmTOWODSWZIMpUydOWbuHOrL+FOXOoz+BCml4W3HwIf/zmHk/PHueDG+v67Nze/sLi0XFmprq6tb2zWtrZbJis0wybLRKY7MRgUXGHTciuwk2sEGQtsx7cX43p7gNrwTF3bYY6RhBvFU87AOqtX2wsTFBZoaLikYaPPpzSgoRA06NXq/pE/Ef0LwQzqZKZGr/YZJhkrJCrLBBjTDfzcRiVoy5nAUTUsDObAbuEGuw4VSDRROTljRA+ck9A00+4pSyfu94kSpDFDGbtOCbZvftfG5n+1bmHTs6jkKi8sKjZdlBaC2oyOM6EJ18isGDoAprn7K2V90MCsS64aKrxjmZSgktKlNSrDfHwPiJGLJ/gdxl9oHR8Fjq9O6udns6AqZJfsk0MSkFNyTi5JgzQJI/fkkTyRZ+/Be/Fevbdp65w3m9khP+R9fAHKNaMK</latexit><latexit sha1_base64="kGrAiBGzaVT4kkNm1ZTT53I9Czk=">AAACIHicbZDLSgMxFIYzXmu9VV2KECyCK5kRQZeCG5cV7AU6QzmTOWODSWZIMpUydOWbuHOrL+FOXOoz+BCml4W3HwIf/zmHk/PHueDG+v67Nze/sLi0XFmprq6tb2zWtrZbJis0wybLRKY7MRgUXGHTciuwk2sEGQtsx7cX43p7gNrwTF3bYY6RhBvFU87AOqtX2wsTFBZoaLikYaPPpzSgoRA06NXq/pE/Ef0LwQzqZKZGr/YZJhkrJCrLBBjTDfzcRiVoy5nAUTUsDObAbuEGuw4VSDRROTljRA+ck9A00+4pSyfu94kSpDFDGbtOCbZvftfG5n+1bmHTs6jkKi8sKjZdlBaC2oyOM6EJ18isGDoAprn7K2V90MCsS64aKrxjmZSgktKlNSrDfHwPiJGLJ/gdxl9oHR8Fjq9O6udns6AqZJfsk0MSkFNyTi5JgzQJI/fkkTyRZ+/Be/Fevbdp65w3m9khP+R9fAHKNaMK</latexit><latexit sha1_base64="kGrAiBGzaVT4kkNm1ZTT53I9Czk=">AAACIHicbZDLSgMxFIYzXmu9VV2KECyCK5kRQZeCG5cV7AU6QzmTOWODSWZIMpUydOWbuHOrL+FOXOoz+BCml4W3HwIf/zmHk/PHueDG+v67Nze/sLi0XFmprq6tb2zWtrZbJis0wybLRKY7MRgUXGHTciuwk2sEGQtsx7cX43p7gNrwTF3bYY6RhBvFU87AOqtX2wsTFBZoaLikYaPPpzSgoRA06NXq/pE/Ef0LwQzqZKZGr/YZJhkrJCrLBBjTDfzcRiVoy5nAUTUsDObAbuEGuw4VSDRROTljRA+ck9A00+4pSyfu94kSpDFDGbtOCbZvftfG5n+1bmHTs6jkKi8sKjZdlBaC2oyOM6EJ18isGDoAprn7K2V90MCsS64aKrxjmZSgktKlNSrDfHwPiJGLJ/gdxl9oHR8Fjq9O6udns6AqZJfsk0MSkFNyTi5JgzQJI/fkkTyRZ+/Be/Fevbdp65w3m9khP+R9fAHKNaMK</latexit>

Solve for the photon geodesic at second order to get lensing and
redshift space distortions. Bartolo, Matarrese, Verde, …, … 2020 

Jolicoeur, Umeh, Maartens, Clarkson, 2014 … 2020,  
Di Dio, Durrer, Marozzi, Montanari, 2014, 2015 
Yoo, …, 2014 … 2020

Synchronous-comoving:
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The very squeezed limit
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Sum of all terms going like

A. Kehagias, A. Moradinezhad, JN, H. Perrier, A. Riotto, 2015



Weak field approximation

The 1-loop bispectrum requires 4th order perturbation theory…

Seems impossible in GR, but… even on small scales:

� ⇠ O(10�5)
<latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit>

~v ⇠ O(10�3)
<latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit>

Density, however, becomes non-linear � =
2k2

3a2H2
�
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Green, Wald, 2011, Adamek, Durrer, Kunz, 2014

Castiblanco, Gannouji, JN, Stahl, 2018
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k ⇠ 0.1Mpc�1
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aH ⇠ 10�3 Mpc�1
<latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit>

⇠ 1
<latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit>

Green, Wald, 2011, Adamek, Durrer, Kunz, 2014

Castiblanco, Gannouji, JN, Stahl, 2018



Weak field approximation

The 1-loop bispectrum requires 4th order perturbation theory…

Seems impossible in GR, but… even on small scales:

� ⇠ O(10�5)
<latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit>

~v ⇠ O(10�3)
<latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit>

Density, however, becomes non-linear � =
2k2

3a2H2
�

<latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit><latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit><latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit><latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit>

k ⇠ 0.1Mpc�1
<latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit><latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit><latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit><latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit>

aH ⇠ 10�3 Mpc�1
<latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit>

⇠ 1
<latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit>

Let us start by writing equations which are fully non-linear in      
but perturbative in     and      .

�
<latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit><latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit><latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit><latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit>

�
<latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit><latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit><latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit><latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit>

~v
<latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit><latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit><latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit><latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit>

Green, Wald, 2011, Adamek, Durrer, Kunz, 2014

Castiblanco, Gannouji, JN, Stahl, 2018



Weak field approximation

The 1-loop bispectrum requires 4th order perturbation theory…

Seems impossible in GR, but… even on small scales:

� ⇠ O(10�5)
<latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit>

~v ⇠ O(10�3)
<latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit>

Density, however, becomes non-linear � =
2k2

3a2H2
�

<latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit><latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit><latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit><latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit>

k ⇠ 0.1Mpc�1
<latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit><latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit><latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit><latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit>

aH ⇠ 10�3 Mpc�1
<latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit>

⇠ 1
<latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit>

Let us start by writing equations which are fully non-linear in      
but perturbative in     and      .

In other words, take derivatives to be large:

�
<latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit><latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit><latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit><latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit>

�
<latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit><latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit><latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit><latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit>

~v
<latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit><latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit><latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit><latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit>

aH/k ⌧ 1
<latexit sha1_base64="/ylJ6TQ081gqsOj5yiRAN5ejaZw=">AAACC3icbZDLSgMxFIYzXmu9VV26CRbBlc6IoMuCmy4r2At2ipzJnGpokhmSjFKGeQR3bvUl3IlbH8J38CFM21l4+yHw8Z9zyDl/lApurO9/eHPzC4tLy5WV6ura+sZmbWu7Y5JMM2yzRCS6F4FBwRW2LbcCe6lGkJHAbjQ6n9S7d6gNT9SlHac4kHCj+JAzsM66gubRiIZC0OC6VvcP/anoXwhKqJNSrevaZxgnLJOoLBNgTD/wUzvIQVvOBBbVMDOYAhvBDfYdKpBoBvl044LuOyemw0S7pyydut8ncpDGjGXkOiXYW/O7NjH/q/UzOzwb5FylmUXFZh8NM0FtQifn05hrZFaMHQDT3O1K2S1oYNaFVA0V3rNESlBxHsZY5GE6uQdE4eIJfofxFzrHh4Hji5N6o1EGVSG7ZI8ckICckgZpkhZpE0YUeSRP5Nl78F68V+9t1jrnlTM75Ie89y/s25tD</latexit><latexit sha1_base64="/ylJ6TQ081gqsOj5yiRAN5ejaZw=">AAACC3icbZDLSgMxFIYzXmu9VV26CRbBlc6IoMuCmy4r2At2ipzJnGpokhmSjFKGeQR3bvUl3IlbH8J38CFM21l4+yHw8Z9zyDl/lApurO9/eHPzC4tLy5WV6ura+sZmbWu7Y5JMM2yzRCS6F4FBwRW2LbcCe6lGkJHAbjQ6n9S7d6gNT9SlHac4kHCj+JAzsM66gubRiIZC0OC6VvcP/anoXwhKqJNSrevaZxgnLJOoLBNgTD/wUzvIQVvOBBbVMDOYAhvBDfYdKpBoBvl044LuOyemw0S7pyydut8ncpDGjGXkOiXYW/O7NjH/q/UzOzwb5FylmUXFZh8NM0FtQifn05hrZFaMHQDT3O1K2S1oYNaFVA0V3rNESlBxHsZY5GE6uQdE4eIJfofxFzrHh4Hji5N6o1EGVSG7ZI8ckICckgZpkhZpE0YUeSRP5Nl78F68V+9t1jrnlTM75Ie89y/s25tD</latexit><latexit sha1_base64="/ylJ6TQ081gqsOj5yiRAN5ejaZw=">AAACC3icbZDLSgMxFIYzXmu9VV26CRbBlc6IoMuCmy4r2At2ipzJnGpokhmSjFKGeQR3bvUl3IlbH8J38CFM21l4+yHw8Z9zyDl/lApurO9/eHPzC4tLy5WV6ura+sZmbWu7Y5JMM2yzRCS6F4FBwRW2LbcCe6lGkJHAbjQ6n9S7d6gNT9SlHac4kHCj+JAzsM66gubRiIZC0OC6VvcP/anoXwhKqJNSrevaZxgnLJOoLBNgTD/wUzvIQVvOBBbVMDOYAhvBDfYdKpBoBvl044LuOyemw0S7pyydut8ncpDGjGXkOiXYW/O7NjH/q/UzOzwb5FylmUXFZh8NM0FtQifn05hrZFaMHQDT3O1K2S1oYNaFVA0V3rNESlBxHsZY5GE6uQdE4eIJfofxFzrHh4Hji5N6o1EGVSG7ZI8ckICckgZpkhZpE0YUeSRP5Nl78F68V+9t1jrnlTM75Ie89y/s25tD</latexit><latexit sha1_base64="/ylJ6TQ081gqsOj5yiRAN5ejaZw=">AAACC3icbZDLSgMxFIYzXmu9VV26CRbBlc6IoMuCmy4r2At2ipzJnGpokhmSjFKGeQR3bvUl3IlbH8J38CFM21l4+yHw8Z9zyDl/lApurO9/eHPzC4tLy5WV6ura+sZmbWu7Y5JMM2yzRCS6F4FBwRW2LbcCe6lGkJHAbjQ6n9S7d6gNT9SlHac4kHCj+JAzsM66gubRiIZC0OC6VvcP/anoXwhKqJNSrevaZxgnLJOoLBNgTD/wUzvIQVvOBBbVMDOYAhvBDfYdKpBoBvl044LuOyemw0S7pyydut8ncpDGjGXkOiXYW/O7NjH/q/UzOzwb5FylmUXFZh8NM0FtQifn05hrZFaMHQDT3O1K2S1oYNaFVA0V3rNESlBxHsZY5GE6uQdE4eIJfofxFzrHh4Hji5N6o1EGVSG7ZI8ckICckgZpkhZpE0YUeSRP5Nl78F68V+9t1jrnlTM75Ie89y/s25tD</latexit>

Green, Wald, 2011, Adamek, Durrer, Kunz, 2014

Castiblanco, Gannouji, JN, Stahl, 2018



Weak field approximation

The 1-loop bispectrum requires 4th order perturbation theory…

Seems impossible in GR, but… even on small scales:

� ⇠ O(10�5)
<latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit><latexit sha1_base64="4qqhlp/TTzPOnj+sCTLXNI1Go4E="></latexit>

~v ⇠ O(10�3)
<latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit><latexit sha1_base64="BObqMDYdJnYRJyUtCIycv0C+evo="></latexit>

Density, however, becomes non-linear � =
2k2

3a2H2
�

<latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit><latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit><latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit><latexit sha1_base64="j3uBuCwAlDIdm0/rKwKlyzWWXGU="></latexit>

k ⇠ 0.1Mpc�1
<latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit><latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit><latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit><latexit sha1_base64="7egFiIJcuE1u962Ye7JRunZljBY=">AAACHXicbZDLSgMxFIYz3q23qjvdBIvgQsuMCLpwIbhxIyhYFTq1ZDKnGppkhuSMWoYB38SdW30Jd+JWfAcfwkztwtsPgY//nMPJ+aNUCou+/+4NDY+Mjo1PTFampmdm56rzC6c2yQyHBk9kYs4jZkEKDQ0UKOE8NcBUJOEs6u6X9bNrMFYk+gR7KbQUu9SiIzhDZ7WrS93QCkX9ehCuhwi3mB+mvLjIN4KiXa35db8v+heCAdTIQEft6kcYJzxToJFLZm0z8FNs5cyg4BKKSphZSBnvsktoOtRMgW3l/RsKuuqcmHYS455G2ne/T+RMWdtTketUDK/s71pp/ldrZtjZaeVCpxmC5l+LOpmkmNAyEBoLAxxlzwHjRri/Un7FDOPoYquEGm54ohTTcR7GUORhWt7DZBlP8DuMv3C6WQ8cH2/V9nYHQU2QZbJC1khAtskeOSBHpEE4uSMP5JE8effes/fivX61DnmDmUXyQ97bJ0tbolw=</latexit>

aH ⇠ 10�3 Mpc�1
<latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit>

⇠ 1
<latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit><latexit sha1_base64="8Dwfi/vQg5N6YBwWXr8uiqohdRU=">AAACB3icbZDLSgMxFIYz9VbrrerSTbAIrsqMCLpwUXDjsoK9QKeUTOa0jU0yQ5JRyjAP4M6tvoQ7cetj+A4+hJl2Ftr6Q+DjP+eQc/4g5kwb1/1ySiura+sb5c3K1vbO7l51/6Cto0RRaNGIR6obEA2cSWgZZjh0YwVEBBw6weQ6r3ceQGkWyTszjaEvyEiyIaPEWKvtayawN6jW3Lo7E14Gr4AaKtQcVL/9MKKJAGkoJ1r3PDc2/ZQowyiHrOInGmJCJ2QEPYuSCND9dLZthk+sE+JhpOyTBs/c3xMpEVpPRWA7BTFjvVjLzf9qvcQML/spk3FiQNL5R8OEYxPh/HQcMgXU8KkFQhWzu2I6JopQYwOq+BIeaSQEkWHqh5ClfpzfQ3hm4/EWw1iG9lnds3x7XmtcFUGV0RE6RqfIQxeogW5QE7UQRffoGb2gV+fJeXPenY95a8kpZg7RHzmfP8gOmiU=</latexit>

Let us start by writing equations which are fully non-linear in      
but perturbative in     and      .

In other words, take derivatives to be large:

�
<latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit><latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit><latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit><latexit sha1_base64="woOQ4ajmkyq7IpVKDJLPh0z+oP0=">AAACB3icbZDLSsNAFIYnXmu9VV26CRbBVUlE0GXBjcsK9gJNKSeT03bszCTMTJQS+gDu3OpLuBO3Pobv4EM4abPQ1h8GPv5zDnPOHyacaeN5X87K6tr6xmZpq7y9s7u3Xzk4bOk4VRSbNOax6oSgkTOJTcMMx06iEETIsR2Or/N6+wGVZrG8M5MEewKGkg0YBWOtVhAhN9CvVL2aN5O7DH4BVVKo0a98B1FMU4HSUA5ad30vMb0MlGGU47QcpBoToGMYYteiBIG6l822nbqn1oncQazsk8adub8nMhBaT0RoOwWYkV6s5eZ/tW5qBle9jMkkNSjp/KNByl0Tu/npbsQUUsMnFoAqZnd16QgUUGMDKgcSH2ksBMgos7FMsyDJ7wE+tfH4i2EsQ+u85lu+vajW60VQJXJMTsgZ8cklqZMb0iBNQsk9eSYv5NV5ct6cd+dj3rriFDNH5I+czx9+e5qZ</latexit>

�
<latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit><latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit><latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit><latexit sha1_base64="jb6Q1XqjLoAoTwa95wH3Lz3h04Y=">AAACBXicbZDLSsNAFIYn9VbrrerSTbAIrkoigi4LblxWsBdoQplMTpqhM5MwM1FKyNqdW30Jd+LW5/AdfAgnbRba+sPAx3/OYc75g5RRpR3ny6qtrW9sbtW3Gzu7e/sHzcOjvkoySaBHEpbIYYAVMCqgp6lmMEwlYB4wGATTm7I+eACpaCLu9SwFn+OJoBElWJeW143puNly2s5c9iq4FbRQpe64+e2FCck4CE0YVmrkOqn2cyw1JQyKhpcpSDGZ4gmMDArMQfn5fNfCPjNOaEeJNE9oe+7+nsgxV2rGA9PJsY7Vcq00/6uNMh1d+zkVaaZBkMVHUcZsndjl4XZIJRDNZgYwkdTsapMYS0y0iafhCXgkCedYhLkXQpF7aXkPZoWJx10OYxX6F23X8N1lq9OpgqqjE3SKzpGLrlAH3aIu6iGCYvSMXtCr9WS9We/Wx6K1ZlUzx+iPrM8ft8qZnA==</latexit>

~v
<latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit><latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit><latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit><latexit sha1_base64="h/hPSjgL3rPsj8mA0q//YteyPO0=">AAACCHicbZDLSsNAFIYnXmu9VV26GSyCq5KIoMuCG5cV7AWaUiaTk3bozCTMTCol5AXcudWXcCdufQvfwYdw0mahrT8MfPznHOacP0g408Z1v5y19Y3Nre3KTnV3b//gsHZ03NFxqii0acxj1QuIBs4ktA0zHHqJAiICDt1gclvUu1NQmsXywcwSGAgykixilBhrdf0p0GyaD2t1t+HOhVfBK6GOSrWGtW8/jGkqQBrKidZ9z03MICPKMMohr/qphoTQCRlB36IkAvQgm6+b43PrhDiKlX3S4Ln7eyIjQuuZCGynIGasl2uF+V+tn5roZpAxmaQGJF18FKUcmxgXt+OQKaCGzywQqpjdFdMxUYQam1DVl/BIYyGIDDM/hDzzk+Iewot4vOUwVqFz2fAs31/Vm80yqAo6RWfoAnnoGjXRHWqhNqJogp7RC3p1npw35935WLSuOeXMCfoj5/MHrFabRQ==</latexit>

aH/k ⌧ 1
<latexit sha1_base64="/ylJ6TQ081gqsOj5yiRAN5ejaZw=">AAACC3icbZDLSgMxFIYzXmu9VV26CRbBlc6IoMuCmy4r2At2ipzJnGpokhmSjFKGeQR3bvUl3IlbH8J38CFM21l4+yHw8Z9zyDl/lApurO9/eHPzC4tLy5WV6ura+sZmbWu7Y5JMM2yzRCS6F4FBwRW2LbcCe6lGkJHAbjQ6n9S7d6gNT9SlHac4kHCj+JAzsM66gubRiIZC0OC6VvcP/anoXwhKqJNSrevaZxgnLJOoLBNgTD/wUzvIQVvOBBbVMDOYAhvBDfYdKpBoBvl044LuOyemw0S7pyydut8ncpDGjGXkOiXYW/O7NjH/q/UzOzwb5FylmUXFZh8NM0FtQifn05hrZFaMHQDT3O1K2S1oYNaFVA0V3rNESlBxHsZY5GE6uQdE4eIJfofxFzrHh4Hji5N6o1EGVSG7ZI8ckICckgZpkhZpE0YUeSRP5Nl78F68V+9t1jrnlTM75Ie89y/s25tD</latexit><latexit sha1_base64="/ylJ6TQ081gqsOj5yiRAN5ejaZw=">AAACC3icbZDLSgMxFIYzXmu9VV26CRbBlc6IoMuCmy4r2At2ipzJnGpokhmSjFKGeQR3bvUl3IlbH8J38CFM21l4+yHw8Z9zyDl/lApurO9/eHPzC4tLy5WV6ura+sZmbWu7Y5JMM2yzRCS6F4FBwRW2LbcCe6lGkJHAbjQ6n9S7d6gNT9SlHac4kHCj+JAzsM66gubRiIZC0OC6VvcP/anoXwhKqJNSrevaZxgnLJOoLBNgTD/wUzvIQVvOBBbVMDOYAhvBDfYdKpBoBvl044LuOyemw0S7pyydut8ncpDGjGXkOiXYW/O7NjH/q/UzOzwb5FylmUXFZh8NM0FtQifn05hrZFaMHQDT3O1K2S1oYNaFVA0V3rNESlBxHsZY5GE6uQdE4eIJfofxFzrHh4Hji5N6o1EGVSG7ZI8ckICckgZpkhZpE0YUeSRP5Nl78F68V+9t1jrnlTM75Ie89y/s25tD</latexit><latexit sha1_base64="/ylJ6TQ081gqsOj5yiRAN5ejaZw=">AAACC3icbZDLSgMxFIYzXmu9VV26CRbBlc6IoMuCmy4r2At2ipzJnGpokhmSjFKGeQR3bvUl3IlbH8J38CFM21l4+yHw8Z9zyDl/lApurO9/eHPzC4tLy5WV6ura+sZmbWu7Y5JMM2yzRCS6F4FBwRW2LbcCe6lGkJHAbjQ6n9S7d6gNT9SlHac4kHCj+JAzsM66gubRiIZC0OC6VvcP/anoXwhKqJNSrevaZxgnLJOoLBNgTD/wUzvIQVvOBBbVMDOYAhvBDfYdKpBoBvl044LuOyemw0S7pyydut8ncpDGjGXkOiXYW/O7NjH/q/UzOzwb5FylmUXFZh8NM0FtQifn05hrZFaMHQDT3O1K2S1oYNaFVA0V3rNESlBxHsZY5GE6uQdE4eIJfofxFzrHh4Hji5N6o1EGVSG7ZI8ckICckgZpkhZpE0YUeSRP5Nl78F68V+9t1jrnlTM75Ie89y/s25tD</latexit><latexit sha1_base64="/ylJ6TQ081gqsOj5yiRAN5ejaZw=">AAACC3icbZDLSgMxFIYzXmu9VV26CRbBlc6IoMuCmy4r2At2ipzJnGpokhmSjFKGeQR3bvUl3IlbH8J38CFM21l4+yHw8Z9zyDl/lApurO9/eHPzC4tLy5WV6ura+sZmbWu7Y5JMM2yzRCS6F4FBwRW2LbcCe6lGkJHAbjQ6n9S7d6gNT9SlHac4kHCj+JAzsM66gubRiIZC0OC6VvcP/anoXwhKqJNSrevaZxgnLJOoLBNgTD/wUzvIQVvOBBbVMDOYAhvBDfYdKpBoBvl044LuOyemw0S7pyydut8ncpDGjGXkOiXYW/O7NjH/q/UzOzwb5FylmUXFZh8NM0FtQifn05hrZFaMHQDT3O1K2S1oYNaFVA0V3rNESlBxHsZY5GE6uQdE4eIJfofxFzrHh4Hji5N6o1EGVSG7ZI8ckICckgZpkhZpE0YUeSRP5Nl78F68V+9t1jrnlTM75Ie89y/s25tD</latexit>

For simplicity take the universe to be Einstein de Sitter.
Green, Wald, 2011, Adamek, Durrer, Kunz, 2014

Castiblanco, Gannouji, JN, Stahl, 2018



Differences with Newtonian case
Castiblanco, Gannouji, JN, Stahl, 2018

Newtonian case Relativistic corrections

Calles, Castiblanco, JN, Stahl, 2019



Differences with Newtonian case
Castiblanco, Gannouji, JN, Stahl, 2018

It is correct to use linear 
initial conditions (non-
linearities grow).

Newtonian case Relativistic corrections

Calles, Castiblanco, JN, Stahl, 2019



Now             ,  so initial
conditions must be fixed at
2nd order.

Differences with Newtonian case
Castiblanco, Gannouji, JN, Stahl, 2018

It is correct to use linear 
initial conditions (non-
linearities grow).

Newtonian case Relativistic corrections

FR
2 ⇠ a

<latexit sha1_base64="ylyvi3Txthj0TBVk8jIMuuIhEpM=">AAACDXicbVDLSgNBEJyN7/iKevQyGARPYTcKevAgCOJRxWggG0PvbCcZMjO7zMwqYck3ePOqP+FNvPoN/oMf4STmoIkFDUVVN91dUSq4sb7/6RVmZufmFxaXissrq2vrpY3NG5NkmmGNJSLR9QgMCq6wZrkVWE81gowE3ka906F/e4/a8ERd236KTQkdxducgXVSeNaq3l3R0HBJoVUq+xV/BDpNgjEpkzEuWqWvME5YJlFZJsCYRuCntpmDtpwJHBTDzGAKrAcdbDiqQKJp5qObB3TXKTFtJ9qVsnSk/p7IQRrTl5HrlGC7ZtIbiv95jcy2j5o5V2lmUbGfRe1MUJvQYQA05hqZFX1HgGnubqWsCxqYdTEVQ4UPLJESVJyHMQ7yMB3+A2Lg4gkmw5gmN9VKsF/xLw/KJ8fjoBbJNtkheyQgh+SEnJMLUiOMpOSJPJMX79F79d6895/Wgjee2SJ/4H18A69anDo=</latexit>

Calles, Castiblanco, JN, Stahl, 2019



Now             ,  so initial
conditions must be fixed at
2nd order.

Differences with Newtonian case
Castiblanco, Gannouji, JN, Stahl, 2018

It is correct to use linear 
initial conditions (non-
linearities grow).

Newtonian case

The background is fixed

h�(~k)i = (2⇡)3�D(~k)

Z

~q
F2(�~q, ~q)P (q)
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Conclusions

• Non-Gaussianity is a way to detect the fields active during 
the very early universe, especially in the soft limit.

• The CMB has already taught us a lot. But we are still far 
from the natural values expected from theory.

• The LSS has the potential to improve on CMB 
observations by an order of magnitude.

• GR effects are important if you hope to achieve 

�fNL ⇠ O(1)
<latexit sha1_base64="wf1tuF4U0bLPKte/xt2E0OBbTMM="></latexit>



THE 
END


