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Abstract:

We propose constraining primordial non-Gaussianity (PNG) using the new technique of mm-wave line in-
tensity mapping (LIM). A dedicated instrument featuring hundreds on-chip mm-wave spectrometers could
probe multi-field inflation at a sensitivity competitive with next-generation optical galaxy surveys, while
a further scaling-up could approach the cosmic variance limit. Measurements of the scale-dependent line
bias on extremely large scales could be performed in both the angular and radial directions, constraining
local-shape non-Gaussianity with larger volumes than galaxy surveys and providing a critical cross-check
with independent astrophysical and instrumental systematics. Higher-order statistics such as the bispectrum,
which uniquely constrain other PNG shapes, would similarly benefit from a large increase in mode count
and higher redshifts where nonlinearities are smaller.



Summary

Primordial non-Gaussianity (PNG) offers a unique view into the physics of inflation, and can be probed in
multiple ways using large-scale structure (LSS). In this LOI, we advocate for testing PNG with millimeter-
wave line intensity mapping (LIM), which offers the potential to reach higher redshifts and survey volumes
than planned galaxy surveys. We summarize the science case and observational technique, describe a straw-
man instrument optimized for the scale-dependent bias observable, and outline the efforts necessary to
realize PNG constraints with mm-wave LIM.

Primordial Non-Gaussianity

Inflation is the leading paradigm for explaining the origin of structure and initial conditions of the Universe.
While the simplest inflationary models predict a Gaussian distribution of primordial perturbations, others
can produce non-Gaussian fluctuations, generally parametrized by an amplitude fyi, and a shape function.
Of particular interest is the “local shape” PNG, since single-field inflation generally produces ll\?f < 1,
Detection of fll\?f ~ O(1) is thus considered a smoking-gun for multi-field models of inflation. Planck’s
constraint of o ( ll\?ﬁ) ~ 9 is cosmic variance limited, and tighter limits are only possible through the larger

volume of LSS .

One of the most prominent effects of local PNG is a scale-dependent bias in the power spectrum of
biased tracers of dark matter such as galaxies or line intensity, most easily observable at large scales (1/k?).
Next-generation widefield optical surveys that are sensitive to this feature, such as LSST? and SPHEREx >,
are expected to approach the theoretically-significant o ( Il\?f) ~ 1. However, projection uncertainties are
significant and observational systematics on very large scales are difficult to mitigate*’. To achieve the

tightest possible constraints on PNG, we are motivated to

e Use as many tracers of LSS as possible—both to minimize the effect of systematics®~'° and to improve
precision (i.e., cosmic variance cancellation I,

e Maximize available cosmological volume by extending LSS tracer redshift reach (typically z < 3 for
next-generation galaxy surveys).

In addition to the scale-dependent bias, on which we focus in this LOI, we also note that higher-order
statistics such as the line bispectrum will also benefit: at high redshift, nonlinearities of growth of structure
are smaller, so perturbative theoretical models are expected to be valid over a wider range of scales. This
offers a unique opportunity for constraining the early-Universe mechanism driving inflation.

Millimeter-Wave Line Intensity Mapping

The LIM technique uses low angular resolution, spectroscopic observations of an atomic or molecular emis-
sion line to trace the large-scale fluctuations in the matter distribution'”. LIM does not require individual
sources to be resolved, and can therefore efficiently measure cosmological modes beyond the redshift reach
of galaxy surveys by detecting all line-emitting sources in aggregate. Knowledge of the rest-frame wave-
length uniquely maps the spectral direction to redshift, providing a 3D data cube. LIM at mm wavelengths—
targeting far-IR emission lines such as the CO rotational ladder or the [CII] ionized carbon fine structure
line—is extremely promising. Ground-based observations can detect structure over the entire 0 < z < 9
redshift range (including multiple measurements of the same structure using different CO lines) using field-
proven CMB heritage techniques, and on-chip mm-wave spectrometers offer a straightforward path to-
wards improving sensitivity by the orders of magnitude needed to constrain cosmology. See the associated
Overview ' and Facilities LOIs '* for more details.



An Optimized Straw-Man Instrument

An instrument that targets the large-scale galaxy bias from primordial non-Gaussianity must be optimized '
to measure large scales, in both the angular and radial directions, with high sensitivity and low systematics.
In particular, we require measuring down to £ ~ 20 (k ~ 1072> h Mpc™!). Below we present a straw-man
instrument design, which adopts heritage from CMB instruments.

e Small aperture: A large aperture is unnecessary since only large angular scales need to be resolved.
To minimize large-scale optical systematics, the cryostat should be unobstructed and easy to shield.
An on-axis ~ 0.5 m refracting telescope, similar to BICEP3 in formfactor'®, would provide a com-
promise between large focal plane area/field of view (30°) and the ability to use a continuously-
rotating mount if necessary. A small aperture also allows multiple levels of co-moving and fixed
shields to minimize ground pickup, and low-cost duplication of cryostats.

e Focal plane and optics: A densely-packed focal plane of wide-bandwidth, moderate-resolution mm-
wave spectrometers covering 80-310 GHz would be sensitive to CO from 0 < z < 5 and [CII] from
5 < z < 9. While only modest spectral resolution (R 2 10) is required in principle, in practice higher
resolution is preferable for foreground removal and component separation; other LIM experiments
will likely feature R 2 300. Wideband optics, anti-reflection coated for this entire range, have been
demonstrated in SPT-3G 7. Precise knowledge of the spectral response is necessary to isolate large-
scale modes along the line of sight and can be obtained by Fourier Transform Spectroscopy in situ.

o Site: Deployment at an excellent mm-wave site is essential; there are two outstanding candidates with
CMB heritage. The South Pole offers an extremely stable atmosphere during the Polar winter, while
the Atacama desert allows for wider sky coverage.

Roadmap

Three major efforts are required to enable LIM-based fxr, constraints competitive with galaxy surveys %1

First, on-chip millimeter-wave spectrometers offer the only reasonable path towards the order of magni-
tude sensitivity increases necessary to constrain PNG. While individual on-chip spectrometers can now be
fabricated, significant effort is needed to develop densely-packed focal planes with hundreds of spectrome-
ters, each with hundreds of spectral channels. With targeted effort, this development could be completed in
3-5 years; see the Detectors”’ and Facilities LOIs '* for further details.

Second, theory predictions for the strengths of the CO and [CII] lines as a function of redshift must be
solidified; current models for line brightnesses vary by more than an order of magnitude. Recent mm-wave
LIM detections from pathfinder experiments constrain this range to closer to a factor of a few?>!>>. With
projected line brightnesses, spectral energy distributions, and biases with LSS in hand, reliable fyy, forecasts
and clearer understanding of improvements when cross-correlating with other tracers will be possible; see
the associated cross-correlations LOI .

Finally, better understanding of the ability of ground-based observations to recover { ~ 20 in intensity
is needed’*?>. Large angular scale measurements are typically made from space or balloons due to the
large impact of atmospheric fluctuations. Fast scan modulation, e.g. using a continuously rotating mount
and helium rotary joint, may be necessary. Spectroscopic data in each spatial pixel may enable removal of
atmospheric lines or the use of only quiet parts of the mm-wave spectrum for the fxy, analysis.
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