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Letter of Interest

The question about the initial conditions of our Universe is one of the central ones in modern cosmology, and it is
yet unanswered. Several efforts have tried for decades to determine whether primordial fluctuations are consistent with
what is expected from single-field inflation or if additional light degrees of freedom played any role, or, even more
radically, if some other mechanism was at work.

In the standard approach to this problem one only considers linear or mildly nonlinear data (i.e. at large enough
scales), where theoretical predictions are reliable—see e.g. [1] for a review. Data in the fully nonlinear regime (say with
momentum k & 0.2 h/Mpc for large scale structure) are typically discarded, despite the fact that they are copious and
measured with high precision.

A possible way to employ such fully nonlinear data is through the so-called “consistency relations”. First pointed out
by Maldacena in the context of inflation with single clock initial conditions [2], and later studied in great detail (see
e.g. [3–15]), they are exact identities between different correlators. In particular, they connect the N -point correlator
of a given observable in the sky (temperature, matter density, etc.), to the (N + 1)-point correlator in the limit where
the additional leg has momentum soft compared to the others (the so-called “squeezed” limit).

Of particular relevance is the development of consistency relations for large scale structures (see e.g. [16–27]), which
have been shown to be potentially crucial in determining, for example, large scale halo bias [28] and growth rate [29]
in a model independent way. Crucially, the same consistency relations apply to biased tracers as well [30, 31] with
important consequences for real observational data.
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The validity of consistency relations for fully nonlinear data has been verified in [32], using N -body simulations for
the matter density. In the same work it was also shown that applying consistency relations to the squeezed limit of the
bispectrum it is possible to determine whether or not the initial conditions for the matter fluctuations are consistent
with single-field inflation.

The road towards a realistic application of consistency relations to future observations is still rather long, but
a successful program in this direction has the potential of substantially improving our constraints on primordial
non-gaussianities by including nonlinear data.

With this Letter of Interest we encourage the discussion on the topic, and the synergy of this proposal with future
white papers dedicated to large scale structures and primordial non-gaussianities.
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