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ABSTRACT

The asteroseismology of red giants has proven extremely valuable for probing large stellar
populations to study the Milky Way. This line of research has been revolutionised over the
past decade by space missions such as CoRoT and Kepler. However, previous missions have
been limited to relatively small fields of view covering only a tiny fraction of Galactic real
estate. The recently launched TESS mission is for the first time giving us the potential to per-
form inference from red giant asteroseismology across the whole sky. During its first northern
hemisphere observations, TESS observed the Kepler field entirely in its Sector 14 and partly
in Sector 15. Here, we seek to detect oscillations in the red giants observed by TESS in the
Kepler field of view. Using the full 4-yr Kepler results as the ground truth, we aim to char-
acterise how well the seismic signal can be detected using TESS data. Because our data are
based on one and two sectors of observation, our results will be representative of what one can
expect for the vast majority of the TESS data. We detect clear oscillations in ∼3000 stars with
another ∼1000 borderline (low S/N) cases, all of which yield a measurement of the frequency
of maximum acoustic power, νmax. Of the clear detections we reliably measure the frequency
separation between overtone radial modes, ∆ν , in 570 stars, meaning an overall ∆ν yield of
20%, which splits into a one-sector yield of 14% and a two-sector yield of 26%. These yields
imply that typical (1-2 sector) TESS data result in significant detection biases. Hence, to boost
the number of stars one might need to use only νmax as the seismic input for stellar property
estimation. On the up side, we find little or no bias in the seismic measurements and typical
deviations (scatter) relative to the Kepler ‘truth’ is about 5-6% in νmax and 2-3% in ∆ν . These
values, coupled with typical uncertainties in parallax, Teff, and Fe/H in a grid-based approach,
would provide internal uncertainties of 3% in inferred stellar radius, 6% in mass and 20%
in age. Finally, despite relatively large pixels of TESS, we find red giant seismology is not
expected to be significantly affected by blending.

Key words: stars: fundamental parameters – stars: oscillations – stars: interiors – techniques:
radial velocities

1 INTRODUCTION

The space-based asteroseismic revolution of red giants stars

(de Ridder et al. 2009) spawned the realisation that oscillating
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giants would provide powerful ways to study the Milky Way

(Miglio et al. 2009). The initial attempts of this asteroseismically-

informed Galactic archaeology were made with CoRoT (e.g.

Miglio et al. 2013; Anders et al. 2017) and later with Kepler (e.g.

Sharma et al. 2016; Casagrande et al. 2016; Silva Aguirre et al.

2018). However, it soon became clear that the small sky coverage

and the complex, and to some degree undocumented, target selec-

tion would limit the use of these particular data sets within this line

of research. Fortunately, Kepler’s K2 mission (Howell et al. 2014)

gave birth to the K2 Galactic Archaeology Program designed to

support studies of the Milky Way along the ecliptic, with stars prob-

ing many different parts of the Galaxy and following a simple re-

producible selection function. Although seismic data have been re-

leased for some K2 campaigns (Stello et al. 2017; Zinn et al. 2020),

with the rest expected within the year (Zinn et al. in prep), the sci-

entific fruits of this rich data set have only just started to be har-

vested (Sharma et al. 2019; Rendle et al. 2019; Khan et al. 2019;

Sharma et al. 2020).

The launch of NASA’s TESS mission opened the first op-

portunity to detect oscillations in red giants over the full sky

(Ricker et al. 2015; Campante et al. 2016), with its initial 2-year

mission covering first the southern ecliptic hemisphere, followed by

the northern hemisphere. The potential to study large stellar popu-

lations in the Milky Way with TESS is therefore significant. In an

early attempt to quantify the asteroseismic performance of TESS in

this context, Aguirre et al. (2020) used TASOC1 ‘FastTrack’ data

of 25 bright red giants (V ≃ 6) from the first two sectors of TESS’s

southern hemisphere observations. They found all the giants in their

sample showed oscillations, confirming the expected TESS perfor-

mance. When combining the seismology from TESS with paral-

laxes from Gaia (Gaia Collaboration et al. 2018), they found the

precision on the inferred stellar radii, masses, and ages was simi-

lar to that obtained from 4-year Kepler data. This confirmed that

the smaller aperture and shorter observation time span by TESS

is compensated by the targets being brighter and closer than the

typical Kepler targets. Later, Mackereth et al. (2020) used a full-

year (13 sectors) of TESS southern-continuous-viewing-zone data,

covering about 450 square-degrees, to infer the potential for red

giant asteroseismology with TESS across its full-sky view. They

estimated ∼300,000 giants would show oscillations across the sky.

During its second year, TESS covered the Kepler field in Sec-

tors 14 (fully) and 15 (partly). This provided an interesting oppor-

tunity to test the TESS performance in more detail on a large sam-

ple of well-studied red giants. Despite the limitations of the Kepler
data for Galactic archaeology studies, the mission provides the best

quality data for red giant seismology on individual stars. As such,

Kepler still is the benchmark for red giant seismology. The nearly

continuous observations for four years, stable environment far from

the Earth and relatively large aperture means that Kepler-based re-

sults probably will remain the ultimate ‘ground truth’ for the fore-

seeable future. In addition to testing the TESS performance, the

TESS observations of the Kepler red giants also gives us an impor-

tant way to verify whether our seismic measurements are consistent

with the ‘true’ values, as we move toward analysing all TESS data

fully automatically in future.

In this paper, we use the Kepler results on red giants to study

how well we can measure the oscillations from TESS data of all

stars in the Kepler field brighter than Kp= 13. Particularly, we want

to (1) investigate how the intrinsic limitations of TESS (such as

1 TESS Asteroseismic Science Operations Center: www.tasoc.dk

small aperture and short observation time) affects the completness

of the seismic stellar population from TESS, (2) study if the uncer-

tainties on the seismic observables νmax and ∆ν are representative

of the true uncertainties, (3) estimate the yield of stars with reliable

∆ν measurements as opposed to only νmax, (4) see if there is any

bias in νmax and ∆ν relative to the Kepler results, and finally, (5)

provide a rough estimate of the radius, mass, and age precision one

can expect from the one to two secotors of TESS observations.

2 TARGET SELECTION AND LIGHT CURVE

CREATION

We selected the 8668 stars brighter than Kp= 13 in the catalogue

of 16000 Kepler red giants with detected oscillations by Yu et al.

(2018). These stars all have a measurement of the frequency of

maximum acoustic power, νmax, and of the frequency separation

between radial overtone modes, ∆ν .

To cover as many stars as possible, we used the TESS Full

Frame Images taken at 30-minute cadence as our data source. We

followed the approach of Saunders et al. (in prep.)2, which we sum-

marise here. First, we retrieved data from the Mikulski Archive

for Space Telescopes (MAST) using TESScut (Brasseur et al.

2019) to download 11x11 pixel cutouts around each target and

then apply the following methodology to remove the scattered

light background from the TESS Full Frame Image observations.

Our pipeline utilizes the RegressionCorrector framework in the

lightkurve Python package (Lightkurve Collaboration et al. 2018).

Using the cutout target pixel files, we created a design matrix with

column vectors populated by the flux light curves of pixels outside a

threshold aperture mask, avoiding pixels that contain flux from the

target to ensure our noise model did not fit out the desired signal.

We then performed Principal Component Analysis on the columns

of the design matrix to find ten principal components to use in our

model. To produce our final noise model, we set up a generalized

least-squares problem to find optimal coefficients for each of the

components in our design matrix, and generated a model as a linear

combination of the column vectors. We produced an uncorrected

light curve by performing simple aperture photometry on the cutout

target pixel file using the inverse of the aperture mask used to select

regressors. Our final light curves were produced by subtracting the

noise model from the uncorrected light curves.

Almost all the selected stars were observed in Sector 14 (8576

stars) and about half were observed in Sector 15 (4909 stars). We

concatenated the light curves of those observed in both sectors

(4817 stars). We then followed the data processing previously ap-

plied to K2 data by Stello et al. (2015, 2017), which included a

4-day wide boxcar high-pass filter (meaning a cut-off frequency of

about 3µHz in the frequency domain) and filling gaps below 1.5

hours in length using linear interpolation.

For each sector we identified the time stamp segments (space-

craft orbital phases) for which the light curves were potentially af-

fected by Earth shine and subsequently removed affected stars 3.

Affected stars were defined as those with a light curve standard de-

viation in their potential Earth shine segments, σEarth, above 40%

of their unaffected segments, σnormal. We removed 2307 stars in

this process.

Figure 1a shows the sky coverage of our targets for Sector

2 https://github.com/nksaunders/giants
3 Although one could potentially salvage affected stars by removing only

the affected time segments we opted not to do so for our purpose.
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Figure 1. Sky coverage of our targets (grey points). (a) Observed stars in TESS Sector 14 are colour-coded by σEarth/σnormal. The insets show two example

light curves, with the time stamps used to calculate the scatter colour-coded by red (σEarth) and black (σnormal) points. (b) Same as (a) but for Sector 15. The

inset shows the σEarth/σnormal distribution and the cut-off value of 1.4. (c) Same as (a) but colour-coding showing log(σnormal). (d) Same as (c) but for Sector

15. The inset shows the σnormal distribution and the cut-off value of 0.005.

14, revealing the footprint of the Kepler field of view. The colour-

code of each observed star represent σEarth/σnormal. The part of the

field affected by Earth shine (bright coloured dots) corresponds to

TESS camera 1. The two insets show example light curves with the

segments potentially affected by Earth-shine highlighted in red. In

Sector 15 the Earth shine issue is clearly less severe, only affecting

the lower-right corner, as seen in Figure 1b. The inset in this figure

shows the σEarth/σnormal distribution and the cut-off (dashed line)

used to remove affected stars.

We also found and removed an additional 196 stars that

showed orders-of-magnitude higher noise than the rest of the sam-

ple, with a standard deviation σnormal > 0.005. All turned out to

lie close to the TESS CCD edges (Figure 1c-d). For the remain-

ing 6165 stars we calculated the Fourier transform (power spec-

trum) for subsequent oscillation analysis. In Figure 2 (left panels)

we show a representative set of the power spectra from TESS. In

the right panels we illustrate the corresponding Kepler data, which

can be regarded as providing the ground truth benchmark measure-

ments in this investigation. We note that amplitude calibration be-

teen TESS and Kepler is still uncertain (Lund et al. in prep) but

will not affect the results presented here. Thirty stars in our sample

also had 2-minute cadence TESS data, and hence an existing SPOC

light curve on MAST, and comparison of those power spectra with

ours showed on average similar power levels across all frequencies,

although with some star-to-star variation.

3 DETECTION OF OSCILLATIONS

For Galactic archaeology we would like our seismic detection al-

gorithms to provide complete and pure samples, meainig we detect

all possible detections without introducing any false positives. For

large ensembles of stars, Stello et al. (2017) demonstrated that vi-

sual inspection of power spectra provided a robust determination

of which stars showed oscillations (high completeness and high pu-

rity), despite being somewhat subjective and time consuming. None

of their fully automated approaches provided as complete and/or

pure samples, when benchmarked against a simulation of their sam-

ple. To eliminate the shortcomings of performing visual inspection

manually, Hon et al. (2018b) trained an image-recognition artificial

neural network on such visual classification, which was shown to

be very efficient on Kepler data (Hon et al. 2019). However, this

network has not yet been trained and tested on actual TESS data.

We therefore followed the visual approach by Stello et al. (2017)

to manually classify our TESS stars into three detection categories:

‘Yes’, ‘Maybe’, and ‘No’. These results helped inform our subse-

quent results when we came to assess how well we could measure

the seismic, as well as fundamental global, properties of the stars.

Our goal here, is use the visually identified oscillating giants to

define the detection threshold in νmax-Tmag space compared to a

simple, ideal case, proabability prediction and to quantify how well

we can perform automated measurements of νmax and ∆ν , and their

associated uncertainties, on this sample.

Figure 3 shows the entire sample of stars, with the detec-

tion of oscillications by TESS indicated by colour. We see that

the detections (Figure 3a green) follow a similar threshold trend

in the upper right corner to that predicted using the formalism in

MNRAS 000, 1–9 (2020)
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Figure 2. Example power spectra from TESS (left) and Kepler (right) for

three stars ranging from low to high νmax values. The red curve show the

smoothed spectrum using the same smoothing for TESS and Kepler.

Chaplin et al. (2011); Schofield et al. (2019) (black line). For the

predictions we ignored blending and systematic noise and different

to the approach by Schofield et al. (2019), we used Gaia-derived

radii directly from the TIC and used TESS magnitudes in place

of Johnson I-band. Fainter and intrinsically less luminous (lower

amplitude and larger νmax) stars, have a signal-to-noise ratio too

low to detect the oscillations. Extrapolating the threshold line to-

wards the most luminous giants with νmax ∼ 5−10 µHz, suggests

that TESS would probably be able to detect oscillations in stars

as faint as Tmag∼ 14; at least for the most luminous stars. As ex-

pected, most of the ‘Maybe’ detections (Figure 3b magenta) are

close to the detection threshold; they truly are borderline cases.

Many of them are situated in the red clump region around νmax

∼ 30− 100 µHz, which often provide lower and wider oscillation

power excess detections (e.g. Mosser et al. 2012; Yu et al. 2018).

While most non-detections (Figure 3c red) are above the predicted

threshold line, as expected, many fall well within the predicted ‘de-

tection’ region below the line. Based on spot checks, many of them

show either unusually strong low-frequency variation (regular or

irregular, indicative of binarity or instrumental/photometric issues)

or significantly different noise levels between the two observing

sectors. This strong overlap between detections and non-detections

in νmax-Tmag space is only seen in the observations. The detection

predictions show very little overlap if plotted in the νmax-Tmag di-

agram. This is a result of ignoring any systematics, demonstrating

that the predictions represent the ideal case (single well-isolated

stars and a perfectly performing instrument and photometric ex-

traction). With this in mind, we count the number of stars with a

predicted detection probability larger than 99% to be about 4500.

Hence, the observed yield relative to this optimistic case is ∼ 60%

for clear detections (2724 stars), and ∼ 80% if the stars marked

‘Maybe’ are also counted as genuine detections (975 stars).

To further verify whether our detections follow expectations,

Figure 4 shows the average power in the TESS data as a function of

Kepler νmax, measured in a 40%νmax-wide window around the Ke-
pler νmax. The clear detections (Figure 4a) show a relatively tight

power law relation with a sharp upper limit at fixed νmax, as seen in

previous ensemble results (e.g. Yu et al. 2018), demonstrating that

the power spectrum is dominated by oscillation power at νmax. This

is further supported by the power for a given star typically being

much larger than the predicted white noise for its brightness (seen

by comparing dots and dashed lines of the same colour). Most of

the ‘Maybe’ detections (Figure 4b) also seem to follow the power

law relation relation and power levels being higher than the pre-

dicted white noise, suggesting that they are mostly genuine detec-

tions. The non-detections, however, mostly follow a flat and quite

broad distribution (at fixed νmax), with many stars falling near and

even below the predicted noise, which shows the power spectra are

dominated by noise. It is evident, however, that towards low νmax,

some non-detections start to follow the steep power law of the de-

tections, suggesting that some of these stars could possibly show

hints of oscillation power.

4 SEISMIC MEASUREMENTS

In the next step we determined how well we were able to measure

νmax and ∆ν from the TESS data using a fully automated method

by benchmarking our results against the 4yr-based Kepler results

by Yu et al. (2018). The assumption is that the Kepler results can

be regarded as the ground truth, with negligible uncertainty relative

to that of the TESS measurements. To make a like-for-like compar-

ison, we followed the approach by Yu et al. (2018) to extract νmax

and ∆ν using the so-called SYD pipeline by Huber et al. (2009),

with improvements detailed in Huber et al. (2011) and Yu et al.

(2018). Here, we only looked at stars deemed clear detections in

the previous section.

The direct comparison between the TESS and Kepler results

is shown in Figure 5a for νmax and Figure 5b for ∆ν . The devia-

tions from the dashed 1-to-1 line are completely dominated by the

uncertainty in the TESS measurements (see representative 3σ error

bars for TESS; Kepler error bars are too small to see). The tight

correlation in Figure 5a confirms that our detections with TESS are

robust. A similar plot of the ‘Maybe’ cases also reveals a tight rela-

tion for stars, further supporting that most are genuine detections,

while the ‘No’ detections show an extremely large scatter indica-

tive of random numbers. Almost all the outliers seen in Figure 5b

have reported TESS uncertainties above 10%.

It is evident from Figure 5 that 1-2 sectors of TESS data will

provide relatively few seismic detections of low-luminosity red gi-

ant branch stars (νmax & 100 µHz) and of highly luminous giants

(νmax . 5 µHz), with the bulk of detections being in the helium-

core burning red clump stars (νmax ∼ 30− 40 µHz) (see also Fig-

ure 3). Unfortunately, red clump stars are typically the most dif-

MNRAS 000, 1–9 (2020)
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Figure 3. Kepler values of νmax from Yu et al. (2018) versus TESS magnitude from Stassun et al. (2019) of all stars seismically analysed here (grey dots). In

each panel they are colour-coded according to our detection of oscillations in TESS data: (a): Yes (green), (b): Maybe (magenta), (c): No (red). The black line

shows the predicted detection threshold for TESS.

Figure 4. Average power in the TESS data around νmax from Yu et al. (2018) versus νmax of all the seismically analysed stars (grey dots). The colour-

highlighted stars are seperated in three panels according to their visual detection classification like in Figure3 (a: Yes; b:Maybe; c:No), but with the colour-

coding showing Tmag. The dashed lines show the white noise levels accoring to Eq. 11 in Campante et al. (2016) for Tmag = 9, 10, 11, and 12.

Table 1. ∆ν yields.

Sample 1 sector 2 sectors

Full 14% 26%

RGB/AGB 20% 48%

RC 12% 19%

ficult when it comes to extracting ∆ν reliably from short time se-

ries, as evident from the larger spread in the red clump region of

Figure 5b (see also dotted histogram in Figure 7b). In Table 1 we

qualify the ∆ν yields for different samples of stars and show how it

depends on having one or two sectors of data. In Figure 6 we show

the overall fraction of stars with ∆ν measurements within 3% and

1% of the Kepler values as function of νmax to further demonstrate

where the most and best results are expected. In combination, Ta-

ble 1, and Figures 3, 5, and 3 imply that all regions of the parameter

space (be it seismic or in brightness), and hence stellar evolution-

ary stage, are affected by detection bias. This clearly needs to be

taken into account when assessing the completeness of the seismic

samples for the purpose of population studies.

The red histogram in Figure 7a shows the frac-

tional deviation of the TESS νmax from the Kepler result

(|νmaxTESS−νmaxKepler|/νmaxKepler). This deviation from the ‘true’

value allows us to also check if the reported uncertainties from the

SYD pipeline are robust across the ensemble as a whole; in other

words, whether they are representative of the true measurement

uncertainties. The blue curve in Figure 7a shows the deviation one

would expect from the reported uncertainties. We derived each

deviation by taking a random extract from a Gaussian distribution

with a width 2
√

2ln2 times the reported uncertainty for each

star4. The distributions have similar shapes, although it seems the

4 Adding the measurement uncertainty from the Kepler result to the width

MNRAS 000, 1–9 (2020)
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Figure 5. TESS versus Kepler results for both νmax (a) and ∆ν (b). Only

stars with visually-confirmed oscillations are shown in panel (a), while

panel (b) shows only those auto-vetted to be reliable. The outliers have large

quoted uncertainties. The 3σ error bar represents the median uncertainties

of the TESS data (the error bars for Kepler are too small to be visible).

reported uncertainties are on average underestimated by about

10-30%.

We know from previous careful visual inspection of K2 re-

sults, which covered ∼ 80days, that only about 50% of the stars

with oscillation power excess (a νmax detection) also provided reli-

able ∆ν measurements (Stello et al. 2017). With one or two sectors

of TESS data (27 days or 54 days) we would therefore expect sim-

ilar or somewhat lower yields. To verify which stars had reliable

∆ν detections, we used an improved version of the artificial neu-

of the Gaussian did not significantly change the final distribution shown in

the figure.

Figure 6. Fraction of stars with a ∆ν measurement to better than 3% (black

curve) and 1% (red curve).

Figure 7. Deviations of TESS results for both νmax (a) and ∆ν (b). ‘True’

deviations are |’TESS’−’Kepler’|/’Kepler’. ‘Reported’ deviations are ran-

dom extracts from N(0,σ′TESS′ /’TESS’) distributions.

ral network by Zinn et al. (2020), trained on one- and two-sector-

long K2 data sets (Reyes et al. in prep) We found that 570 stars

showed reliable ∆ν detections; hence a yield of 20%. When split

into stars observed in one versus two sectors, the ∆ν yields are

14% (one sector) and 26% (two sectors). One reason why these

yields are perhaps lower than expected from K2, could be that the

lower signal-to-noise ratio in the TESS data compared to K2 ex-

cludes predominantly low-luminosity red giant branch stars, which

MNRAS 000, 1–9 (2020)
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Figure 8. Binned fractional difference between TESS and Kepler for both

νmax (a) and ∆ν (b). Red clump (RC) star identifications are from Hon et al.

(2018a).

typically would provide a high fraction of ∆ν detections due to their

well-resolved simple frequency patterns (Bedding et al. 2010).

Figure 7b shows the plot similar to Figure 7a, but for ∆ν . The

reported uncertainties are clearly accurate, with typical values of

about 2-3%, similar to what was reported by Aguirre et al. (2020)

on about a dozen bright stars. This shows their results on radius,

mass, and age precision are representative for the full sample of

red giants observed by TESS when using grid-based modeling in-

cluding parallax information. The figure also illustrates that the red

clump stars typically have larger uncertainties than red giant branch

stars, as expected from their more complicated frequency patterns

in the power spectra.

In addition to random errors, we also want to investigate po-

tential systematics between TESS and Kepler results because it can

affect comparisons of inferred masses and hence ages of the stars

between the two data sets. Any bias could be either from difference

in the data or because the time series are not have the same length,

which could affect the automated fitting procedures in the data anal-

ysis. In Figure 8 we show the fractional difference between TESS

and Kepler as a function of νmax and ∆ν . Overall there is no strong

bias (−0.004± 0.003 for νmax and 0.004 ± 0.002 for ∆ν). How-

ever, for the red clump (RC) stars with νmax around 40 µHz, the

TESS results tend to be 2-3% lower than for Kepler. For red giant

branch stars at high νmax there is also evidence of some bias (TESS

values being larger) but the few data points in these bins makes this

somewhat more uncertain.

Finally, we wanted to quantify the scatter in results across

the different seismic analysis pipelines that are typically used

in large ensembles efforts (Pinsonneault et al. 2014, 2018). This

would act as a way to estimate pipeline-dependent systematic un-

certainties in the seismic analysis of TESS data. The pipelines

were only given the 2724 stars that had visually confirmed oscil-

lations, and were only asked to provide results deemed reliable.

The pipelines engaged in this analysis were the so-called, A2Z

(Mathur et al. 2010; García et al. 2014), BAM (Zinn et al. 2019),

BHAM (Elsworth et al. 2017), CAN (Kallinger et al. 2010b), COR

(Mosser & Appourchaux 2009), and OCT (Hekker et al. 2010) up-

dated with packages from TACO (Hekker et al. in prep). We de-

rived the scatter across pipelines for each star for which at least

four pipelines reporting a measurement (∼ 2500 stars). The νmax

and ∆ν scatter distributions both peaked at 2%. These scatter val-

ues for νmax and ∆ν indicate that the pipeline-dependent system-

atics are typically smaller than the uncertainties on the individual

seismic measurements that are shown Figure 7.

5 UNCERTAINTY ON RADIUS, MASS, AND AGE

Now we turn to the measurement uncertainties on the fundamen-

tal stellar properties, which ultimately determine how useful the

stars will be for studying the Milky Way. For this, we combined

the seismic uncertainties and those from Teff, to obtain estimates of

the typical uncertainty of radius and mass using the seismic scaling

relations for νmax and ∆ν (Brown et al. 1991; Kjeldsen & Bedding

1995; Stello et al. 2009; Kallinger et al. 2010a). We finally predict

the age uncertainty based on the scaling relation from Bellinger

(2020) (applicable only to red giant branch stars), for which we

also needed a typical uncertainty in [Fe/H].

The typical uncertainties are ∼ 5% in νmax and ∼ 3% in

∆ν (Figure 7). From the Infrared Flux Method we can expect

to be able to obtain Teff with uncertainties in the range 40-80K

Casagrande et al. (2020). We adopt 80K as a conservative, though

still internal, uncertainty value. We note that systematics errors

in Teff are typically still at the 2% level (Tayar et al. 2020). The

νmax and ∆ν scaling relations give us R ∝νmax/∆ν2Teff
0.5 and

M ∝νmax
3/∆ν4Teff

1.5 (all variables in terms of solar values, which

we assumed to have negligible uncertainty). This leads to typi-

cal uncertainties of 8% in radius, 19% in mass, and 63% in age

(the latter assuming an uncertainty in [Fe/H] of 0.1 dex using the

‘combination 1’ formula of table 2 in Bellinger (2020)). With our

adopted typical uncertainties in the observables, the estimated un-

certainties in radius, mass, and age are completely dominated by

the uncertainties in νmax and ∆ν; in roughly equal proportion. We

note that these estimates assume the ‘most common’ results (the

mode of the uncertainty distribution), uses just scaling relations,

which are less precise than using seismic modeling, and is based on

only 1-2 sectors of data. Clearly, the best fraction of stars will pro-

vide significant lower radius, mass, and age uncertainties, as would

the use of grid-based modelling that includes Gaia parallaxes (e.g.

Aguirre et al. 2020, who achieved ∼ 3% in radius, ∼ 6% in mass,

and ∼ 20% in age). Uncertainties will also be lower for stars with

longer time series (Hekker et al. 2012), which will be achieved with

the ongoing extended TESS mission, especially in the continuous

viewing zones (Mackereth et al. 2020). Photometry optimised for

asteroseismology (Handberg et al. in press; Lund et al. in press)

is also expected to lead to lower uncertainties and larger detection

yields.

6 BLENDS

TESS has relatively large pixels (21 arcsec on sky) compared to

Kepler (3.98arcsec) and blends among our red giant targets were

noticed when identifying the seismic detections. To quantify how

MNRAS 000, 1–9 (2020)
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common blends would typically be in a sample like ours, we ap-

plied a similarity measure on power spectra displayed in units

of power density versus log frequency. The similarity that we

used is known as the Shape-Based Distance (Paparrizos & Gravano

2015). It quantifies the correlation between two arrays, x and y, as

CC(x,y)/(‖x‖‖y‖), where CC is the cross-correlation operator and

‖ · ‖ indicates the vector norm. The Shape-Based Distance has a

value of zero for a perfect correlation and -1 for a perfect anti-

correlation. Before calculating the Shape-Based Distance between

the TESS power spectra of two stars, we first bin each spectrum (in

log units) into an array of length 1000. Next, we applied Gaussian

smoothing with a kernel size of 15 to the binned spectrum and nor-

malized the spectrum to have a mean value of zero and a standard

deviation of one.

For each target star, we identified another star within our sam-

ple that has the smallest Shape-Based Distance. If this other star

had an angular separation less than the typical photometric aper-

ture to the target star (150 arcseconds), it was flagged as a potential

nearby blending star. To further vet blending star candidates, we

ensured that the power was the same within the oscillation power

excess for a target star and its candidate blending star. Using the

binned and smoothed spectrum, we calculated the mean differ-

ence in power within the FWHM of the oscillation power excess

(δνFWHM = 0.59ν0.90
max ; Mosser et al. 2010) between a target star

and its blending companion. This power excess difference should

be small for a correctly identified blending star compared to that

of any other star that is not the true source of the blending. There-

fore, each blending candidate was verified to be a blend, only if its

power excess difference puts it in the top 0.5% percentile of most

similar excesses compared to those of all other stars in our sample.

This vetting process combining Shape-Based Distance and power

differences near νmax, effectively identified blends that have power

spectra that are very similar to a target star.

A total of 85 targets, or about 1% of our red giant sample,

were found to be blended (counting any pair of blends only once).

Figure 9a shows the sky position of the blends, while Figure 9b

shows their location in the νmax-Tmag plane. In Figure 9c we show

the difference in magnitudes between target and blending star as a

function of the target’s magnitude. So for seismic ensemble analy-

ses of field red giants with TESS brighter than Tmag of 12.5, blend-

ing is a relatively minor issue. Towards fainter magnitudes (and in

particularly crowded fields), the issue will of course be more se-

vere. However, Figure 3 shows that we can only expect to detect

oscillations in fainter stars if they are quite luminous, which com-

prises a small fraction of all red giants that TESS will be able to

detect oscillations in.

7 CONCLUSION

Our findings, based on 1-2 sectors of TESS data, can be sum-

marised as the following:

• Due to photon noise, oscillations are typically not detectable

in low luminosity red giant stars (νmax & 150 µHz; logg & 3.1dex)

except for the brightest stars (Tmag . 8−9).

• Our results suggest TESS will be able to detect oscillations

down to Tmag∼14 for the most luminous giants (νmax . 10µHz;

logg . 1.9).

• Of the stars with detected oscillations we can measure ∆ν re-

liably in about 20% of them, but this yield depends a lot on the type

of star (its νmax and if it is He-core burning or not) and the amount

of TESS data available.

• We find the typical uncertainty (mode of distribution) is 5-

6% for νmax and 2-3% for ∆ν , which for common grid-modelling

approaches should yield uncertainties of 3% in radius, 6% in mass,

and 20% in age (Aguirre et al. 2020).

• Our blending analysis of the Kepler field, which sits between

Galactic lattitudes of 6 and 21 degrees, suggest blending is not ex-

pected to affect the seismic signal in more than 1% of red giants

observed by TESS.

Finally, we note that this investigation is based on a single set of

light curves. It would be desirable in future to quantify detection

yields from independent asteroseismic-optimised light curves when

they become available in the Kepler field such as the forthcoming

TASOC light curves (Handberg et al. in press; Lund et al. in press).

A further future aspiration would be to develop a fully automated

way of performing the initial detection of oscillation excess power

that ensures high levels of completeness and low levels of false pos-

sitives. This would facilitate a fully automated end-to-end analysis

of the full data set from TESS, and later PLATO, aimed at stellar

population studies.
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