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Abstract: It has now been over 20 years since the initial discovery of Anomalous Microwave
Emission (AME) as a major foreground contaminant in Cosmic Microwave Background
(CMB) studies, yet its physical origin remains an unsolved problem in modern astrophysics.
AME was first detected in 1996 as a component of diffuse Galactic radiation observed at frequen-
cies spanning ∼ 10 − 60 GHz and has now been seen in a variety of environments in the Galaxy,
as well in two extragalactic sources and three proto-planetary disks. These seemingly uncorrelated
instances of strong detections indicate that AME is highly sensitive to interstellar medium condi-
tions. The leading explanation for AME is rotational emission from ultra-small (radius a . 1 nm)
dust grains, first postulated in 1957, however current observations remain inconclusive. If correct,
spinning dust emission provides a new window into the properties of interstellar dust grains and
their environment. If AME is not understood and accounted for, it could have a major impact
as a foreground for CMB experiments, as well for interpreting radio observations in extragalac-
tic astronomy. Progress in this field requires new observations of large heterogeneous samples
of AME detections covering ∼ 1 − 120 GHz with a combination of sensitivity and high-angular
resolution that exceeds any extant facility. Precise polarization measurements are also required for
understanding emission mechanisms and to inform sensitive CMB polarization experiments.
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CMB foregrounds. The search for primordial B-mode fluctuations in the CMB is one of the “holy
grails” of modern cosmology. However, foreground contamination must be carefully understood
and subtracted. Any significant polarization from AME would complicate the picture by adding
an additional foreground component at frequencies below ∼ 100 GHz, with a different distribution
from the already polarized synchrotron and thermal dust emissions. Future CMB experiments are
aiming at sensitivities of sub-µK over a range of frequencies and thus even a small level (∼ 1%)
of AME polarization could be important (e.g., Remazeilles et al. 2016, 2018).
Extragalactic continuum measurements. Understanding the potential ubiquity of AME from
extragalactic sources, along with its ability to bias radio free-free emission star formation rate
estimates, is of critical value given that future radio surveys at λ . 3 cm (perhaps using a next-
generation VLA and/or the Square Kilometre Array), will measure rest-frame 10 − 60 GHz emis-
sion from high-z galaxies (e.g., Murphy 2009). This might be important given that high-z galaxies
have been modeled to have grain properties that are similar to that of the SMC (e.g., Perley et al.,
2010; Maiolino et al. 2004), a system that appears to contain a significant amount of AME arising
from a combination of spinning and magnetized nano-grains (Draine & Hensley, 2012).

A Pathway Forward
The occurrence of AME remains highly unpredictable due to our lack of understanding of the
carrier(s) and physical conditions favorable for triggering this emission mechanism. Progress in
this field requires that we be able to build samples of AME sources for a large, heterogeneous set
of physical conditions both within and outside of our Galaxy on the linear scales for which the
emission is operating. To achieve this requires, in prioritized order:

• Sensitive radio observations spanning ∼ 1 − 120 GHz to highly sample AME for spectral
modeling purposes. For extragalactic sources, high (i.e., 0.′′1) angular resolution is needed
to map AME at ∼10’s of pc in galaxies out to dL ≈ 20 Mpc. For proto-planetary disks,
≈ 5 mas angular resolution is needed to map AME on AU-scales in nearby systems (i.e.,
<140 pc). This could be achieved with a next-generation ground-based interferometer like
the next-generation VLA (ngVLA: Bolatto et al. 2017; Murphy et al. 2018b).

• Precise polarization measurements are required both for understanding the emission mecha-
nisms and environment and to inform ultra-sensitive CMB polarization experiments that aim
to detect faint B-modes from the epoch of inflation. Large-scale diffuse emission will require
dedicated instruments such as C-BASS (Jones et al., 2018) or low frequency instruments as
part of CMB-S4. Small-scale measurements can be achieved with ngVLA and ALMA.

• Spectroscopic mapping capabilities in the mid-infrared (∼ 3 − 25µm) range to access spec-
tral features that are sensitive to a range of grain size distribution and chemistry that may
directly trace the AME carrier. This should be realized by JWST.

• Far-infrared (∼ 40 − 160µm) mapping capabilities on (sub-)arc-second resolution to corre-
late the dust emissivity with AME detections on the physical scales for which the emission
is operating. This requires a next-generation far-infrared telescope from space with an ex-
tremely large aperture (≈ 15 m) along with fast, multi-band mapping capabilities.

• Laboratory work is important both to study the alignment of nanoparticles and to explore the
magnetic response of the candidate particle materials for the purpose of exploring different
mechanisms of producing emission and polarization that can be responsible for the AME.
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