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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

q↵
1 < ↵ < 3

1

q3

Single field Multi field

Assassi, Baumann, Green, 2012

Squeezed limit information

Figure



⌧ ! 0
⇣ ⇣ ⇣

S �̇

h⇣(q)⇣(k)⇣(k)i ⇠ e�⇡µ


ei�(µ)

⇣ q

k

⌘ 3
2+iµ

+ e�i�(µ)
⇣ q

k

⌘ 3
2�iµ

�
Ps(cos ✓)

Characteristic angle dependence

µ =

s
m2

H2
�
✓
s� 1

2

◆

Other fields

J. Maldacena, N. Arkani-Hamed, 2015

H. Lee, D. Baumann, G. Pimentel, 2016

A. Moradinezhad, H. Lee, J. Muñoz, C. Dvorkin, 2018

L. Bordin, P. Creminelli, A. Khlemintsky, L. Senatore 2018

A. Riotto, A. Kehagias, 2017



It’s intrinsically non-linear
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At large scales we can describe matter as a fluid

Continuity Euler
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Solutions are often written as an expansion for small perturbations
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But it’s very non-linear
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i@j� + . . .The bias can be non-linear, k-depdt., etc.
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All of this generates a large and difficult to quantify non-Gaussian signal!!
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Squeezed limit
However, the squeezed limit is not contaminated by this.

A homogeneus gravitational potential has no physical meaning

A homogeneus gravitational force can be set to zero by going 
to a freely falling frame
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Non-Gaussianity: Can we improve?
h⇣(~k1)⇣(~k2)⇣(~k3)i = (2⇡)3�(~k1 + ~k2 + ~k3)B(k1, k2, k3)
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Degenerate with
non-linear growth,
biasing and
astrophysics.

While we believe that the 
squeezed limit is much more 
solid.



Relativistic power spectrum
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Relativistic bispectrum
Standard steps to compute the bispectrum

Expand the metric and stress tensor in perturbations
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Relativistic bispectrum
Standard steps to compute the bispectrum
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<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>

Jolicoeur, Umeh, Maartens, Clarkson, 2014 … 2019,  
Di Dio, Durrer, Marozzi, Montanari, 2014, 2015 
Yoo, Zaldarriaga, 2014, Fanizza, Yoo, Biern, 2018 …

Synchronous-comoving:



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:



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. 

Synchronous-comoving:

Jolicoeur, Umeh, Maartens, Clarkson, 2014 … 2019,  
Di Dio, Durrer, Marozzi, Montanari, 2014, 2015 
Yoo, Zaldarriaga, 2014, Fanizza, Yoo, Biern, 2018 …
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Let us estimate how large these effects can be for the bispectrum

Lets expand the “observed” over-density as

The bispectrum in the squeezed limit will then be

Castiblanco, Gannouji, JN, Stahl, 2018
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Let us estimate how large these effects can be for the bispectrum

Lets expand the “observed” over-density as

The bispectrum in the squeezed limit will then be
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Castiblanco, Gannouji, JN, Stahl, 2018
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Let us estimate how large these effects can be for the bispectrum

Lets expand the “observed” over-density as

The bispectrum in the squeezed limit will then be
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Castiblanco, Gannouji, JN, Stahl, 2018

+ . . .
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The very squeezed limit
h���i

<latexit sha1_base64="BPH/vxcoaNeBHGG0wJZhwhRrQUs=">AAACJXicbZDNSgMxFIUz9a/Wv6pLN8EiuJIZEXThouDGZQXbCp1S7mRu29AkMyQZpQzd+ybu3OpLuBPBlS/gQ5jWItp6IeTjnHtJ7olSwY31/XevsLC4tLxSXC2trW9sbpW3dxomyTTDOktEom8iMCi4wrrlVuBNqhFkJLAZDS7GfvMWteGJurbDFNsSeop3OQPrpE55PxSgegJpWOtzGsYoLPxcemJ1yhX/yJ8UnYdgChUyrVqn/BnGCcskKssEGNMK/NS2c9CWM4GjUpgZTIENoIcthwokmnY+2WVED5wS026i3VGWTtTfEzlIY4Yycp0SbN/MemPxP6+V2e5ZO+cqzSwq9v1QNxPUJnQcDI25RmbF0AEwzd1fKeuDBmZdfKVQ4R1LpAQV5y6eUR6m431AjFw8wWwY89A4PgocX51UqufToIpkj+yTQxKQU1Ill6RG6oSRe/JInsiz9+C9eK/e23drwZvO7JI/5X18AQfFpeU=</latexit><latexit sha1_base64="BPH/vxcoaNeBHGG0wJZhwhRrQUs=">AAACJXicbZDNSgMxFIUz9a/Wv6pLN8EiuJIZEXThouDGZQXbCp1S7mRu29AkMyQZpQzd+ybu3OpLuBPBlS/gQ5jWItp6IeTjnHtJ7olSwY31/XevsLC4tLxSXC2trW9sbpW3dxomyTTDOktEom8iMCi4wrrlVuBNqhFkJLAZDS7GfvMWteGJurbDFNsSeop3OQPrpE55PxSgegJpWOtzGsYoLPxcemJ1yhX/yJ8UnYdgChUyrVqn/BnGCcskKssEGNMK/NS2c9CWM4GjUpgZTIENoIcthwokmnY+2WVED5wS026i3VGWTtTfEzlIY4Yycp0SbN/MemPxP6+V2e5ZO+cqzSwq9v1QNxPUJnQcDI25RmbF0AEwzd1fKeuDBmZdfKVQ4R1LpAQV5y6eUR6m431AjFw8wWwY89A4PgocX51UqufToIpkj+yTQxKQU1Ill6RG6oSRe/JInsiz9+C9eK/e23drwZvO7JI/5X18AQfFpeU=</latexit><latexit sha1_base64="BPH/vxcoaNeBHGG0wJZhwhRrQUs=">AAACJXicbZDNSgMxFIUz9a/Wv6pLN8EiuJIZEXThouDGZQXbCp1S7mRu29AkMyQZpQzd+ybu3OpLuBPBlS/gQ5jWItp6IeTjnHtJ7olSwY31/XevsLC4tLxSXC2trW9sbpW3dxomyTTDOktEom8iMCi4wrrlVuBNqhFkJLAZDS7GfvMWteGJurbDFNsSeop3OQPrpE55PxSgegJpWOtzGsYoLPxcemJ1yhX/yJ8UnYdgChUyrVqn/BnGCcskKssEGNMK/NS2c9CWM4GjUpgZTIENoIcthwokmnY+2WVED5wS026i3VGWTtTfEzlIY4Yycp0SbN/MemPxP6+V2e5ZO+cqzSwq9v1QNxPUJnQcDI25RmbF0AEwzd1fKeuDBmZdfKVQ4R1LpAQV5y6eUR6m431AjFw8wWwY89A4PgocX51UqufToIpkj+yTQxKQU1Ill6RG6oSRe/JInsiz9+C9eK/e23drwZvO7JI/5X18AQfFpeU=</latexit><latexit sha1_base64="BPH/vxcoaNeBHGG0wJZhwhRrQUs=">AAACJXicbZDNSgMxFIUz9a/Wv6pLN8EiuJIZEXThouDGZQXbCp1S7mRu29AkMyQZpQzd+ybu3OpLuBPBlS/gQ5jWItp6IeTjnHtJ7olSwY31/XevsLC4tLxSXC2trW9sbpW3dxomyTTDOktEom8iMCi4wrrlVuBNqhFkJLAZDS7GfvMWteGJurbDFNsSeop3OQPrpE55PxSgegJpWOtzGsYoLPxcemJ1yhX/yJ8UnYdgChUyrVqn/BnGCcskKssEGNMK/NS2c9CWM4GjUpgZTIENoIcthwokmnY+2WVED5wS026i3VGWTtTfEzlIY4Yycp0SbN/MemPxP6+V2e5ZO+cqzSwq9v1QNxPUJnQcDI25RmbF0AEwzd1fKeuDBmZdfKVQ4R1LpAQV5y6eUR6m431AjFw8wWwY89A4PgocX51UqufToIpkj+yTQxKQU1Ill6RG6oSRe/JInsiz9+C9eK/e23drwZvO7JI/5X18AQfFpeU=</latexit>

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
�

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

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

Castiblanco, Gannouji, JN, Stahl, 2018
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<latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit><latexit sha1_base64="TQvExnhYrnI7LhIvjnEuJGxPV04="></latexit>
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<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>

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

Castiblanco, Gannouji, JN, Stahl, 2018
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<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>

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



Differences with Newtonian case
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It is correct to use linear 
initial conditions (non-
linearities grow).

Newtonian case Relativistic corrections



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>



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)

<latexit sha1_base64="Ocgc0B8HVwK7627DUCIu2rjHZxM="></latexit><latexit sha1_base64="Ocgc0B8HVwK7627DUCIu2rjHZxM="></latexit><latexit sha1_base64="Ocgc0B8HVwK7627DUCIu2rjHZxM="></latexit><latexit sha1_base64="Ocgc0B8HVwK7627DUCIu2rjHZxM="></latexit>

=) h�i = 0
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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
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Bias
Calles, Castiblanco, Gannouji, JN, Stahl, in progress…

Galaxy formation is a local process, insensitive to a very long mode

Umeh, Koyama, Maartens, Schmidt, Clarkson, 2019Creminelli, JN, Simonović, Vernizzi, 2014

Kehagias, JN, Perrier, Riotto 2015Pajer, Schmidt, Zaldarriaga, 2013

In a local frame, the gravitational potential nor the gradient of the 
gravitational potential should appear in the bias expansion.

Easy, expand in         and          .  But…r2�
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Conclusions

• The squeezed limit of the bispectrum can be degenerate 
with relativistic projection effects when measured either 
with the scale-dependent bias or the galaxy bispectrum.

• In order to use information from mildly non-linear scales 
for the squeezed limit bispectrum, it is crucial to compute 
it at one loop in GR.

• We have computed the metric to the appropriate order 
in two different gauges.

• GR effects are important (only) if you hope to achieve 

�fNL ⇠ O(1)
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