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Squeezed limit information

The squeezed limit contains model independent information about
the physics during inflation
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Squeezed limit information

The squeezed limit contains model independent information about
the physics during inflation
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It’s intrinsically non-linear

At large scales we can describe matter as a fluid
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Solutions are often written as an expansion for small perturbations
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The bias can be non-linear, k-depdt., etc.  d; = b1 +b20” +¢,0,0;90' D 4

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

b — 0 LA —> =S

A homogeneus gravitational force can be set to zero by going
to a freely falling frame
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Peloso, Pietroni, 2013 Kehagias, Riotto, 2013 Creminelli, JN, Simonovic, Vernizzi, 2014



Non-Gaussianity: Can we improver

—

(C(k1)C(R2)C(Ks)) = (2m)38(ky + ko + k3) B(k1, k2, k3)

Degenerate with
non-linear growth,
biasing and
astrophysics.

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

Standard steps to compute the bispectrum

+ Expand the metric and stress tensor in perturbations

ds® = —(1 4 2®)dt* + 2w;dx’dt + a*((1 + 2W)6,;; + %;j)da:ida:j p=p(l+9)
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Yoo, Zaldarriaga, 2014, Fanizza, Yoo, Biern, 2018 ...
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87;”}/7;]' =0 ai%j =0

* Take all fields to be small, expand Einstein’s and fluid equations

to second order, and solve. 5o ® o< 1

+ Solve for the photon geodesic at second order to get lensing and

redshift space distortions. .
Jolicoeur, Umeh, Maartens, Clarkson, 2014 ... 2019,

Di Dio, Durrer, Marozzi, Montanari, 2014, 2015
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Hstimating non-linearities + GR

Let us estimate how large these effects can be for the bispectrum

Lets expand the “observed” over-density as
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The very squeezed limit
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Weak tield approximation

The |-loop bispectrum requires 4th order perturbation theory...

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

~ —5 TNy -3
b ~ O(1075) T~ 0007 o e

: , 2k?
Density, however, becomes non-linear 0 = <I> ~ 1

X

aH ~ 1073 Mpc™*

Let us start by writing equations which are fully non-linear in 0

but perturbative in ® and v .

In other words, take derivatives to be large: @H [k < D

For simplicity take the universe to be Einstein de Sitter.

Green, Wald, 2011, Adamek, Durrer, Kunz, 2014
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Calles, Castiblanco, Gannouiji, JN, Stahl, in progress...

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

A fxr, ~ O(1)
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