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Introduction
Space asteroseismology has led to success-
ful detections of stellar oscillations through-
out the HR Diagram, including in OB stars,
white dwarfs, red giants, and solar-like main
sequence oscillators. However, one significant
gap remains at the bottom of the main se-
quence.

Fig. 1: Color-magnitude diagram of the M dwarfs from Cy-
cle 3 (purple points) and 4 (orange points) with TESS 20-s
cadence data, over the 100 pc sample from Gaia DR2 for
comparison.

M dwarfs are critical to our understanding of
stellar convection. They have a well-known dis-
parity between observed fundamental parame-
ters and theoretical predictions such as for R
and Teff, and are currently the main focus of
exoplanet detection and characterization activi-
ties. We have used TESS 20-s cadence data to
methodically search for oscillations in M dwarfs,
and here we report on the status of that search.
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Fig. 2: Galactic position of the M dwarfs with TESS 20-s
cadence data in Cycles 3 and 4.

Previous Work
▶ Rodriguez (2012), Baran+ (2011, 2013),

and Moya (2013) have calculated theoretical
non-radial non-adiabatic pulsational models
with masses in the range 0.1 − 0.5 M⊙.
They found for the partially-convective
higher-mass end of that distribution that a
flux blocking mechanism led to an M dwarf
instability strip characterized by oscillations
with periods in the 23 − 40 minute range,
corresponding to 400 − 700 µHz.

▶ Alternatively, the Kjeldsen+ (1995, 2011)
scaling relations for ∆ν and νmax , which are
well-validated from the RGB down to solar-
like main sequence stars, predict that early
M dwarfs (0.3−0.4 M⊙) should oscillate with
periods of 1-2 minutes (7−14 mHz) and am-
plitudes of ∼ 0.5 ppm in the TESS band-
pass. νmax in particular is significantly differ-
ent from the model predictions above, and is
high enough that 20-s cadence is required.

Fig. 3: The ∆ν − νmax relation is approximately constant
over several orders of magnitude, for stars in the Kepler
sample. Here red triangles show stars observed in long
cadence (primarily giants), while black diamonds are stars
observed in short cadence. From Huber+ (2011).

▶ Baran+ (2011, 2013) used ground-based
telescopes of moderate aperture (< 1 m) to
search approximately 100 M dwarfs for os-
cillations without success, down to a level
of ∼ 1 ppt. Rodriguez+ (2015, 2016) used
Kepler data to search for oscillations using
short-cadence data, and found nothing down
to their detection threshold (< 10 µmag for
the brightest targets and < 20 µmag for
about 40% of the sample).

Data Analysis
We have examined 128 M dwarfs observed
with TESS (Figs. 1 and 2); these stars have
a magnitude between 8 < Tmag < 12, and
all were chosen as the most likely to have
detectable oscillations as predicted by the
scaling relations combined with TESS noise
characteristics. We then applied two indepen-
dent analyses to each target:

1) Using SPOC light curves, we removed out-
liers, median-scaled each sector and them
combined multiple sectors, filtered with a 0.5-
d high-pass filter to remove rotational signals,
and applied a DFT to search for oscillations.

Fig. 4: Sample output from our first analysis tool. From the
top down, the panels show the cleaned raw light curve, the
low-frequency component (showing rotation), the filtered
light curve, the resulting DFT amplitude spectrum, and the
amplitude spectrum on a log-log scale, with the smoothed
spectrum overlaid in black.

2) We extracted light curves using the
lightkurve Python package and subsequently
performed a background correction by using its
RegressionCorrection tool to create a model
for the background using 1 − 7 principal com-
ponents to represent the dominant background
variability. Finally, the corrected light curve was
normalized using typically a 1st order polyno-
mial fit and its Lomb-Scargle periodogram com-
puted to search for oscillations.

Results & Discussion
Our analysis is still in its early stages, but we
have identified some potentially interesting sig-
nals and are vetting them to determine if the
observed signals are intrinsic to the stars or
caused by either contamination or known in-
strumental effects. Two examples are shown to
the left:
▶ The light curve of the M dwarf

TIC 160618897 is contaminated by a
nearby pulsating star (see Fig. 5).

▶ Several of the stars in the sample in TESS
Cycle 4 show a peak in the Fourier spectrum
at ∼ 28 c/d. We find this peak to be due to
pointing jitter of the telescope (see Fig. 6).

Our scavenger hunt is ongoing, and TESS con-
tinues to provide the volume of high-precision
20-s cadence data which is essential for detec-
tion of oscillations in these objects.

Contamination Example
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Fig. 5: TIC 160618897. Top: Target pixel mask (red) and
pixel mask for a nearby star (pink) for TESS sector 41. Bot-
tom: Fourier spectra of extracted light curves for the corre-
sponding masks. Panel b) is a zoom of panel a).

Pointing Jitter?
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Fig. 6: TIC 232677093. Top: Lomb-Scargle periodogram of
the extracted 20-s cadence light curve for Sector 41. Bot-
tom: Lomb-Scargle periodogram of the X and Y centroid
positions of the same star and sector.


