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ABSTRACT

Red-giant asteroseismology yields precise stellar parameters, making it a powerful tool for studying11

stellar structure and evolution, as demonstrated by the Kepler mission. However, due to Kepler’s12

limited field of view, it primarily sampled the more populous low-mass red giants found outside of the13

Galactic plane, leading to limited detections of intermediate-mass red giants (3 M⊙ ≲ M∗ ≲ 8 M⊙).14

Here we use the all-sky TESS data to isolate intermediate-mass stars from large catalogs with a pre-15

selection based on photometric and spectroscopic data. We optimize TESS light curves using a boutique16

light curve detrending method with custom apertures. Compared to the MIT Quick Look Pipeline,17

this yields a 12% average increase in the power-to-background ratio within the oscillation envelope,18

even in the heavily crowded Galactic plane. We find a total of 98 solar-like oscillators in a pre-selected19

sample of 227 APOGEE DR19 red giants. We find 43 stars in this sample to be intermediate-mass,20

with 10 stars having masses greater than 5 M⊙, among the highest-mass solar-like oscillators detected21

to date. From our detections, we find that the APOGEE DR19 spectroscopic log g is systematically22

larger by, on average, 0.23 dex compared to the seismic log g. This offset is possibly due to the lack23

of intermediate-mass giants observed by Kepler, which was used to calibrate the spectroscopic log g24

in the APOGEE pipeline. Extending the same pre-selection criteria to TESS targets with Gaia XP25

spectroscopic parameters identifies up to 37,000 candidate intermediate-mass solar-like oscillators for26

follow-up and population studies.27

Keywords: Asteroseismology (73) — Red giant stars (1372) — Horizontal branch stars (746) — Light28

curves (918)29

1. INTRODUCTION30

Asteroseismology has become a cornerstone of stellar31

astrophysics, particularly for red giant branch (RGB)32

and red clump (RC) stars, by providing precise measure-33

ments of fundamental stellar parameters such as mass,34

radius, and age. This progress has been made possi-35

ble by high-cadence, space-based photometric missions36

such as the Convection, Rotation and planetary Transits37

satellite (CoRoT) (A. Baglin et al. 2006), Kepler (W. J.38

Borucki et al. 2010), K2 (S. B. Howell et al. 2014), and39

most recently, the Transiting Exoplanet Survey Satellite40

Email: noah.downing@yale.edu

(TESS) (G. R. Ricker et al. 2015). These missions have41

enabled the detection of solar-like oscillations in tens of42

thousands of RGB and RC stars (J. Yu et al. 2018; M.43

Hon et al. 2021; M. H. Pinsonneault et al. 2025), enrich-44

ing our understanding of stellar populations across the45

Galaxy.46

Low-mass evolved stars (≲ 2 M⊙) dominate as-47

teroseismic samples from Kepler (J. Yu et al. 2018;48

M. H. Pinsonneault et al. 2025) and TESS (M. Hon49

et al. 2021), whereas evolved intermediate-mass stars50

(≳ 3 M⊙) are underrepresented despite their crucial51

role in constraining stellar evolution at higher-masses.52

Unlike their lower-mass counterparts, intermediate-mass53

stars ignite helium in non-degenerate cores, bypassing54

the helium flash, and subsequently evolve through dis-55
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tinct pathways on the RGB and in the core-helium-56

burning RC phase (L. Girardi 1999). Their rapid evo-57

lution across these stages means that they are less fre-58

quently observed in large surveys, further contributing59

to their scarcity in seismic catalogs. Yet these stars serve60

as vital links between low-mass stars and the progenitors61

of massive stars, making them central to understanding62

the transition from long-lived, low-mass stellar popula-63

tions to short-lived, high-mass populations that end as64

supernovae.65

The internal structure of intermediate-mass stars is66

shaped by processes that differ substantially from those67

of lower-mass stars. Convective core overshoot during68

the main-sequence phase extends their lifetimes and al-69

ters the subsequent growth of the helium core (A. Claret70

& G. Torres 2016), leaving imprints on later evolution-71

ary stages (C. J. Lindsay et al. 2024). Rotational mixing72

is expected to be stronger in these stars, given their typ-73

ically higher initial rotation rates, and angular momen-74

tum transport between the core and envelope remains75

poorly understood (G. Costa et al. 2019). In addition,76

the excitation and damping of solar-like oscillations in77

stars approaching 5 M⊙ may differ significantly from the78

well-studied case of low-mass giants, complicating both79

the detectability and interpretation of seismic signals80

(B. Mosser et al. 2012; J. Yu et al. 2018; K. R. Sreenivas81

et al. 2024). For these reasons, intermediate-mass giants82

represent key laboratories for testing stellar models.83

Asteroseismology offers a uniquely powerful method84

for probing these stars, as oscillation frequencies can di-85

rectly reveal core properties, envelope structure, and in-86

ternal rotation profiles—quantities inaccessible to tradi-87

tional spectroscopic and photometric observations (P. G.88

Beck et al. 2012; S. Deheuvels et al. 2012; D. Stello et al.89

2016). By providing precise masses, radii, and ages,90

seismic measurements enable robust constraints on evo-91

lutionary timescales and on the relative importance of92

internal mixing processes. Extending asteroseismology93

to intermediate-mass evolved stars would not only ad-94

vance stellar physics, but also provide new insights into95

the demographics of evolved stellar populations in the96

Galaxy. However, despite these clear motivations, solar-97

like oscillations have proven difficult to detect in stars98

more massive than ∼ 5 M⊙, and no detections have yet99

been confirmed (C. L. Crawford et al. 2024, 2025).100

This gap in the asteroseismic census stems in large101

part from the observational design of Kepler (J. Yu et al.102

2018). The APOKASC catalogs (M. H. Pinsonneault103

et al. 2014, 2018, 2025), formed by cross-matching Ke-104

pler asteroseismic detections with high-resolution spec-105

troscopy from APOGEE (S. R. Majewski et al. 2017),106

have yielded precise stellar parameters for nearly 16,000107

RGB and RC stars. However, Kepler ’s fixed field of108

view, located above the Galactic plane at a galactic109

latitude of approximately +13.3◦, inherently limits its110

sampling of more massive evolved stars, which are more111

concentrated in the Galactic plane.112

TESS, with its all-sky coverage and inclusion of the113

Galactic plane, presents an opportunity to extend as-114

teroseismology to this sparsely sampled regime. Its115

short-cadence photometry is sensitive to oscillations in116

a wide range of evolved stars, including those more mas-117

sive than stars previously sampled by Kepler. However,118

TESS’s large pixels and higher noise compared to Ke-119

pler, make the detection of asteroseismic signals difficult120

in the more crowded Galactic plane.121

In this work, we demonstrate that careful light curve122

extraction—specifically through the manual selection of123

photometric apertures from TESS full-frame images—124

enables the detection of solar-like oscillations in evolved125

intermediate mass stars. We also combine spectroscopic126

data from APOGEE DR19 ( SDSS Collaboration et al.127

2025) with asteroseismic data to infer stellar masses and128

radii. In Section 2, we outline the data we use, sam-129

ple selection, light curve extraction, and the estima-130

tion of seismic and stellar parameters. Section 3 out-131

lines the results of this study, presenting both a list132

of likely intermediate-mass giants through only spectro-133

scopic data and a list of intermediate-mass giants with134

asteroseismic constraints. In Section 4, we discuss the135

systematics of the sample, low-mass contamination, and136

the potential for broader TESS studies of intermediate-137

mass giants. Lastly, we summarize our results and dis-138

cuss future work in Section 5.139

2. DATA PREPARATION AND ANALYSIS140

Our analysis proceeds in three stages. First, we com-141

pile stellar parameters and photometric data from large-142

scale surveys, combining astrometry from Gaia ( Gaia143

Collaboration et al. 2016), high-resolution spectroscopy144

from APOGEE (S. R. Majewski et al. 2017), and time-145

series photometry from TESS (G. R. Ricker et al. 2015;146

K. G. Stassun et al. 2018a) (Section 2.1). Next, we147

identify evolved intermediate-mass candidates from the148

APOGEE catalog using a combination of HR diagram149

cuts and spectroscopic mass estimates (Section 2.2). For150

a selected subset of these stars, we generate custom151

TESS light curves to optimize the recovery of asteroseis-152

mic signals (Section 2.3). We then compute power spec-153

tra for these targets and measure global seismic proper-154

ties (Section 2.4).155

2.1. Data Sources156

Our study combines data from three primary sources:157
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• Astrometry and broad-band photometry from158

Gaia — We use Gaia DR3 ( Gaia Collaboration159

et al. 2023) astrometric solutions, including par-160

allaxes and their uncertainties, as part of our tar-161

get selection process outlined in Section 2.2. We162

also use distances from C. A. L. Bailer-Jones 2023163

in conjunction with Gaia G-band photometry and164

extinction from the Bayestar19 dust map (G. M.165

Green et al. 2019), where the Bayestar19 E(B−V )166

values are converted to Gaia Photometry following167

the Gaia eDR3 extinction law7 (M. Riello et al.168

2021), to calculate the absolute magnitude MG.169

We then determine stellar luminosity, L, with the170

equation,171

L

L⊙
= 10−0.4(MG+BCG−Mbol,⊙) (1)172

where BCG is the bolometric correction and173

Mbol,⊙ is the Solar bolometric correction which174

we take to be Mbol,⊙ = 4.74 (Cox 2000). We175

determine BCG by interpolating over the MIST176

bolometric correction grid from the isochrones177

python package (T. D. Morton 2015).178

• High-resolution spectroscopy from APOGEE —179

Stellar parameters, including effective tempera-180

ture (Teff), surface gravity (log g), and metal-181

licity ([Fe/H]) are obtained from the APOGEE182

DR19 catalog ( SDSS Collaboration et al. 2025).183

APOGEE’s infrared spectra provide precise stellar184

parameters for evolved stars, which we use as part185

of our selection process.186

• Time-series photometry from TESS — TESS’s187

near all-sky coverage, 27-day sectors, and high ca-188

dence observations allow us to probe oscillations189

in evolved stars over a broad range of frequencies.190

• Gaia XP spectra — We use spectroscopic param-191

eters from R. Andrae et al. (2023) in order to get192

an all-sky estimate for the number of potential193

intermediate-mass stars observed by TESS with194

detectable solar-like oscillations. Spectroscopic195

parameters are determined by the XGBoost algo-196

rithm, after training it on APOGEE spectroscopic197

data. In particular, we use the log g and Teff es-198

timates in order to determine detection probabil-199

ities of TESS red giants that are potentially of200

intermediate-mass as described in Section 2.2.201

7https://www.cosmos.esa.int/web/gaia/edr3-extinction-law

2.2. Target Selection202

With low-mass giants being far more populous than203

their intermediate-mass cousins, we need to begin by iso-204

lating this sample. To do this, we utilized two tools: the205

HR diagram position and a spectroscopic mass estimate.206

We leverage the fact that with increasing mass — at a207

given metallicity — evolved stars are hotter and more208

luminous. We further restrict our sample by using the209

spectroscopic mass as an initial estimate for selection of210

intermediate-mass stars.211

We selected target giants from the APOGEE DR19212

catalog by applying cuts at log g < 3.5 dex and Teff <213

6000K. We further imposed quality cuts requiring a214

parallax signal-to-noise ratio ϖ/σϖ > 10, an effective215

temperature uncertainty σTeff
< 200K, and a surface216

gravity uncertainty σlog g < 0.2 dex.217

This results in a total sample of 327,872 evolved stars218

to select from. We then implement a cut in Luminosity-219

Teff space near the 4 M⊙ MIST evolutionary track (J.220

Choi et al. 2016) at solar metallicity (see Figure 1), in221

order to bias our sample to higher-mass stars. To remove222

contamination from low-mass, low-metallicity stars, we223

calculate spectroscopic masses from Gaia radii using the224

following equations:225

R

R⊙
=

(
L

L⊙

)1/2 (
Teff

Teff,⊙

)−2

(2)226

227

M

M⊙
=

g

g⊙

(
R

R⊙

)2

(3)228

We then select stars with a spectroscopic mass in the229

range 3.5 M⊙ < M∗ < 10 M⊙. This results in a sample230

of 300 stars, all of which are in the TESS Input Catalog231

(K. G. Stassun et al. 2019; M. Paegert et al. 2021). We232

then require that these stars have more than five TESS233

sectors to ensure sufficient temporal coverage to detect234

solar-like oscillations. These selections result in a sample235

of 227 stars8.236

2.3. Light Curve Handling237

Adapting the methods of N. Saunders et al. (2022)238

and D. Stello et al. (2022), we generate light curves from239

TESS Full Frame Images downloaded from the Mikulski240

Archive for Space Telescopes (MAST). The 11x11 pixel241

cutouts are retrieved using TESScut (C. E. Brasseur242

et al. 2019b) from the lightkurve python package (243

Lightkurve Collaboration et al. 2018). From the target244

pixel cutouts, we define an aperture mask by selecting245

8Targets were selected with a now outdated pre-release
APOGEE catalog. All calculations were performed using the most
up-to-date data.

https://www.cosmos.esa.int/web/gaia/edr3-extinction-law


4

Figure 1. HRD of the selection process described in Section
2.2. The RGB selection is shown in grey and stars selected
by HRD position and spectroscopic mass are shown in red.
The solid purple line shows where we made our HRD se-
lection. The evolutionary tracks represent masses of 5M⊙,
4M⊙, 3M⊙, and 1M⊙ (from top to bottom) all at solar metal-
licity. The solid black lines correspond to the core helium
burning (CHeB) phase, the dotted black lines correspond to
post main sequence, but pre-CHeB phases, and the dashed
black lines correspond to the asymptotic giant branch phase.

the pixels with flux from the target, avoiding light from246

nearby stars through visual inspection. Because our tar-247

gets lie in the crowded Galactic plane (see Figure 2), it248

is difficult to ensure complete removal of contaminating249

flux in all cases, and such stars are flagged as potentially250

contaminated.251

We create an uncorrected light curve by summing the252

flux contained within the aperture mask at each ca-253

dence. To remove the scattered light from Earth and254

Moon shine, along with other instrumental systematics,255

we construct a design matrix from the pixels outside the256

aperture mask. These pixels are expected to contain257

little flux from the target star and therefore primarily258

trace background variations and detector systematics.259

Each column of the design matrix corresponds to the260

flux time series of an individual non-aperture pixel, al-261

lowing the matrix to capture background signals across262

the cutout. Since many of these pixel time series are263

highly correlated, we perform a Principal Component264

Analysis (PCA) on the design matrix using seven prin-265

cipal components. These components provide a compact266

basis that captures the dominant systematic variability267

while reducing dimensionality.268

The light curve and the reduced design matrix are269

then passed through RegressionCorrector function270

from lightkurve, which models and removes trends271

correlated with the principal component vectors. The272

resulting corrected light curve is mostly cleaned of273

scattered-light contamination and other instrumental ef-274

fects. We found that not all noise sources were removed275

through this process, so each light curve was inspected276

by eye and any time segments with unusually large scat-277

ter were removed.278

We stitch the processed sector data into one light279

curve for each target. We adjust observational time280

stamps to remove large gaps between sectors, since the281

presence of gaps can lead to distortions in the power282

spectra used for asteroseismic analysis (e.g. S. Hekker283

et al. 2010; M. B. Nielsen et al. 2022; L. González-284

Cuesta et al. 2023; P. G. Beck et al. 2026). We calculate285

the Lomb-Scargle power spectral density periodogram286

(N. R. Lomb 1976; J. D. Scargle 1982) which we use for287

our asteroseismic analysis in Section 2.4.288

To test the fidelity of the above methods, we also gen-289

erated light curves with the Massachusetts Institute of290

Technology Quick-Look Pipeline (C. X. Huang et al.291

2020a,b, QLP) and further processed them with the292

PyTADACS-S (Python TESS Automated Data Analy-293

sis and Correction Software for Seismology, R. A. Garćıa294

et al. 2024; Palakkatharappil et al. in prep.) based on295

the KADACS (Kepler Automated Data Analysis and296

Correction Software) developed for the Kepler mission297

(R. A. Garćıa et al. 2011, 2014; S. Pires et al. 2015).298

First, the pipeline stitches together consecutive sectors299

when the gap between them is no more than three sec-300

tors. Then it applies two stages of sigma clipping. In301

the first stage, any data points with flux values more302

than 10σ from the mean flux are removed. In the sec-303

ond stage, points are removed if they deviate more than304

4σ from the original light curve after being smoothed305

with a median filter of 1-day width. The light curve is306

then binned into a 30-minute cadence via the nearest-307

neighbor resampling algorithm with the slotting princi-308

ple, as described in R. A. Garćıa et al. (2014). The final309

step is a high-pass filter using a triangular kernel with310

a 55-day width.311

To compare the QLP data to our custom light curves,312

we measure a power-to-background ratio (PBR) within313

the oscillation envelope of the power spectrum. To do314

this, we first compute the power spectrum of the light315

curves for all targets where we detect solar-like oscilla-316

tions. We smooth the power spectrum with a gaussian317

filter of width equal to ∆ν, where ∆ν is given by the318
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Figure 2. Sky map of the TIC and R. Andrae et al. 2023 catalog cross-match after applying the selection criteria outlined in
Section 2.2. Points are colored by detection probability. Grey points are the cross-match without including the criterion that
targets have more than 5 sectors of TESS data. Red points are the 100 stars for which we detect oscillations as discussed in
Section 3. The TESS Northern and Southern Continuous Viewing Zones are shown by orange and blue dashed lines respectively.

νmax-∆ν relation from D. Stello et al. (2009). To deter-319

mine a global background—covering both granulation320

at low frequencies and white noise at high frequencies—321

we remove the power excess within ±3 ∆ν around νmax322

and interpolate over the gap with a linear background323

model in log space. We then calculate the PBR with the324

following equation:325

PBR =
1

N

N∑
i=1

Pi

Bi
(4)326

where N is the number of frequency bins in the power327

spectrum, P is the smoothed power spectrum, and B is328

the global background model.329

2.4. Asteroseismic Analysis330

Asteroseismology can infer stellar parameters by using331

two measurable quantities: νmax, the frequency of max-332

imum power, and ∆ν, the average frequency spacing333

between modes of the same spherical harmonic degree334

ℓ. The seismic parameter νmax is related to log g and335

Teff (T. M. Brown et al. 1991; H. Kjeldsen & T. R. Bed-336

ding 1995; K. Belkacem et al. 2011; S. Hekker 2020) and337

∆ν is related to the mean density (R. K. Ulrich 1986)338

through the following relations:339

g

g⊙
=

νmax

νmax,⊙

(
Teff

Teff,⊙

) 1
2

(5)340

341

∆ν

∆ν⊙
=

√
ρ̄

ρ̄⊙
(6)342

These relationships can be combined into the following343

seismic scaling relations to infer stellar radius and mass344

(hereafter referred to as the double-scaling relation, or345

DSR):346

R

R⊙
=

(
νmax

fνmax
νmax,⊙

)(
∆ν

f∆ν∆ν⊙

)−2 (
Teff

Teff,⊙

) 1
2

(7)347

348

M

M⊙
=

(
νmax

fνmax
νmax,⊙

)3 (
∆ν

f∆ν∆ν⊙

)−4 (
Teff

Teff,⊙

) 3
2

(8)349

With an independent radius measurement one can in-350

stead infer mass using the following equation (hereafter351

referred to as the single-scaling relation, or SSR):352

M

M⊙
=

(
νmax

fνmax
νmax,⊙

)(
Teff

Teff,⊙

)1/2 (
R

R⊙

)2

(9)353

where fνmax
and f∆ν are correction factors designed to354

account for offsets between fundamental and asteroseis-355

mic parameters. fνmax is an empirical calibration an-356

chored to some alternative measurement of mass or ra-357

dius. Some examples included using Gaia radii (M. H.358

Pinsonneault et al. 2025), or seismic masses and radii359

from individual frequency modeling (D. Huber et al.360
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2024; C. J. Lindsay et al. 2026), as the basis. f∆ν is361

computed theoretically from stellar models (T. R. White362

et al. 2011; S. Sharma & D. Stello 2016; D. Stello & S.363

Sharma 2022).364

To measure νmax, we inspect the power spectra com-365

puted from the light curves discussed in Section 2.3 by366

eye, using the spectroscopic log g as a guide. We then367

take our by-eye νmax estimate and pass it into pyMON9368

(M. Howell et al. 2025), which adapts the νmax detec-369

tion methods of pySYD (D. Huber et al. 2009; A. Chon-370

tos et al. 2022). We choose pyMON since it is well-suited371

for detecing signals in giants with both low-νmax and372

low-signal-to-noise—as is expected to be the case in our373

intermediate-mass sample (J. Yu et al. 2018; C. L. Craw-374

ford et al. 2024). Using the initial νmax, pyMON defines375

a power excess window. For particularly noisy targets,376

we manually defined the upper and lower boundaries of377

the power excess window. Then a linear background378

model is fit in log space to the region of the power spec-379

trum within the defined power-excess window and sub-380

tracted from the spectrum. By fitting a linear back-381

ground model, pyMON is able to bypass a failure mode382

of pySYD, which arises from its inability to fit a Harvey-383

like background to low-νmax giants. The spectrum is384

then heavily smoothed using the ∆ν estimate provided385

by the νmax–∆ν scaling relation from D. Stello et al.386

2009. After smoothing, the frequency of maximum am-387

plitude is adopted as our νmax measurement, with the388

uncertainty estimated from the standard deviation of389

500 realizations of this procedure, each generated with390

stochastic noise. Since intermediate-mass stars spend391

the majority of their post-main-sequence life in the core-392

helium-burning phase, we assume their fνmax
correction393

factor to be of order unity, consistent with previous stud-394

ies (J. Yu et al. 2018; J. C. Zinn et al. 2019; Y. Li et al.395

2023; C. L. Crawford et al. 2024). Our determination396

of ∆ν and f∆ν is outlined in Appendix A, along with a397

discussion of the DSR seismic masses.398

3. RESULTS399

3.1. Seismic Detections and Masses400

From the 227 stars for which we made light curves, we401

found 98 exhibiting solar-like oscillations with a mea-402

surable νmax. Of the 98 stars with detected oscillations,403

we flagged 45 of them as potentially contaminated by404

analyzing TESS full-frame images as discussed in Sec-405

tion 2.3. We further measured ∆ν for 71 stars, 31 of406

which are flagged as potentially contaminated, and dis-407

cuss these measurements in Appendix A. We show a408

9https://github.com/maddyhowell/pyMON

comparison between the spectroscopic masses and the409

SSR seismic masses in Figure 3. There is a notable dif-410

ference between both mass measurements, with seismic411

masses on average 35% lower than spectroscopic masses.412

We attribute this to an offset in seismic and spectro-413

scopic log g shown in Figure 6 and discussed in Section414

4.1. Using the SSR mass estimates, we find a total of415

44 intermediate-mass stars (3 M⊙ < M∗ < 8 M⊙). Of416

those intermediate-mass stars, we find 10 with masses417

greater than 5 M⊙, making these some of the highest-418

mass stars with observed solar-like oscillations. We list419

a few of the highest-mass stars we find in Table 1 for420

reference.421

Figure 3. Top Panel: Comparison of the SSR mass to the
spectroscopic mass for all stars with measured νmax. Dotted
line represents a 1:1 mass relation. Bottom Panel: Frac-
tional mass residuals for all stars with measured νmax. The
dashed line represents the 1:1 mass relation and the two dot-
ted lines correspond to ±2σ around the mean of the residual
distribution. The mean fractional residual is ∼ 0.35. In both
panels the orange marker indicates TIC 10431423, an outlier
discussed in Section 4.1.

https://github.com/maddyhowell/pyMON
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Table 1. Sample of the asteroseismic detections.

TIC ID NSectors Tmag νmax RGaia Teff Mspec MSSR Cont.

(µHz) (R⊙) (K) (M⊙) (M⊙)

365033429 9 11.793 14.71± 0.24 41.28± 2.14 4402.75± 50 9.84± 1.03 7.08± 0.12 0

10242756 8 12.517 48.41± 0.61 20.79± 1.63 5474.74± 50 5.19± 0.81 6.59± 0.09 0

12703731 7 11.441 37.92± 0.62 23.05± 1.78 5105.03± 50 7.79± 1.21 6.13± 0.10 1

195727782 9 11.57 8.94± 0.22 48.15± 2.08 4350.58± 50 5.68± 0.52 5.82± 0.14 1

374030825 7 10.644 4.76± 0.13 63.21± 4.60 4474.69± 50 9.42± 1.40 5.41± 0.16 0

Note— Only a subset of the full sample studied in this work is shown here for reference. The full table is
available in machine-readable format online. We also only show some of our derived parameters used in this
study. The full online table will contain a more exhaustive list of stellar parameters. Quoted uncertainties
correspond to 1σ errors.

3.2. Light Curve Validation422

For most targets, we observe an increase in the PBR of423

the oscillation power excess when using our custom light424

curves relative to QLP, as shown in Figure 4. The distri-425

bution is skewed toward positive values, with a median426

increase of 12% in the PBR for the custom reductions427

relative to QLP. This indicates that the oscillation signal428

is recovered with greater contrast against the stellar and429

instrumental background. Figure 5 illustrates this effect430

for TIC 11114629. In the background-divided power431

spectrum, the oscillation excess near νmax is substan-432

tially more prominent in the custom reduction. In con-433

trast, the QLP spectrum exhibits elevated background434

power, which reduces the visibility of the oscillation en-435

velope and therefore its detectability. Overall, these re-436

sults demonstrate that the custom pipeline generally en-437

hances oscillation detectability by suppressing residual438

systematics and excess background noise, while only a439

small subset of targets show little or no improvement.440

4. DISCUSSION441

4.1. log g Systematics and Outliers442

We find an average offset of 0.23 ± 0.28 dex between443

our spectroscopic log g values and seismic log g values,444

as shown in Figure 6. This discrepancy appears to vary445

as a function of νmax, with the offset increasing with446

decreasing νmax. There is also a minor trend with an in-447

creasing offset with decreasing Teff , although this effect448

is much smaller. This log g offset is likely caused by a449

misclassification in the APOGEE pipeline that leads to450

an incorrect log g calibration. Although these stars are451

in the core-helium burning phase, their high masses lead452

to significantly lower surface gravities compared to their453

lower-mass counterparts, while remaining hotter than454

the RGB. Since APOGEE log g values are calibrated to455

Figure 4. The fractional difference between the PBR of the
custom power spectra of our detected oscillators compared to
the PBR of QLP power spectra for the same targets. Positive
values indicate better performance with our custom power
spectra. The dotted black line marks where the PBR is the
same in both power spectra. The median of the distribution
is a 12% increase in PBRcustom relative to PBRQLP.

seismic log g values, the lack of seismic sampling in this456

mass regime would lead to higher log g values given the457

temperature range of our sample. This follows with the458

trends noted in νmax and Teff , since stars with a lower459

νmax (i.e. lower log g) and a hotter Teff , would be fur-460

ther from the space where seismic calibrators are present461

leading to larger offsets. The effect of this offset mani-462

fests itself clearly in the form of the SSR seismic masses.463

As seen in the left panel of Figure 3, seismic masses are464
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Figure 5. Background-divided power spectra for TIC
11114629 from QLP (red) and our custom aperture photom-
etry (black), shown without smoothing. The measured νmax

is denoted by the dotted black line. The frequency range
shown is ±4 ∆ν around νmax where ∆ν is estimated using
the νmax-∆ν relation from D. Stello et al. (2009).

consistently lower than spectroscopic masses, since the465

only effective change between equation 3 and equation466

9 is the use of a seismic log g as νmax relates to log g467

through equation 5.468

There are additional sources of uncertainty in spectro-469

scopic log g measurements that stem from limitations in470

stellar atmosphere modeling for red giants (M. Asplund471

2005). These systematic uncertainties can be calibrated472

against seismic measurements of log g, which are largely473

model-independent (J. A. Holtzman et al. 2018). How-474

ever, due to the sparse sample of existing intermediate-475

mass seismic calibrators, spectroscopic log g values for476

stars in our mass range may reflect both intrinsic mod-477

eling uncertainties and the extrapolation of empirical478

calibrations beyond the regime in which seismic bench-479

marks are available. As such, we opt to trust our mea-480

surement of νmax—and thus our seismic log g—because481

it places tighter constraints on stellar mass.482

TIC 10431423 is a notable outlier present in Figure 3,483

due to its mass residual far beyond the ±2σ region. This484

star was flagged as contaminated, which likely explains485

its anomalously large seismic mass of 19.77± 0.19,M⊙.486

The contaminating source is likely a lower mass RGB or487

RC star that would have been excluded by our selection488

criteria. This is further supported by its large measured489

νmax (67.31±0.53 µHz), which does not match the lower490

νmax values seen across sample. An artificially high νmax491

due to contamination would bias the mass estimate to492

higher-masses following equation 9.493

4.2. Low-Mass Contamination494

Although we tried to minimize low-mass stars in our495

sample via the selection process described in Section496

Figure 6. Offset between spectroscopic and seismic log g
compared to νmax. Points are colored by Teff . The dotted
line corresponds to no offset.

2.2, we still find 53 low-mass giants are present when497

using the SSR mass estimate. Looking at Figure 1,498

it can be seen that lower-mass evolutionary tracks do499

not begin to contaminate our sample until they reach500

the asymptotic giant branch phase. The low-mass inter-501

lopers were found to have lower νmax values compared502

to the intermediate-mass sample, which would be con-503

sistent with the asymptotic giant branch or, for more504

metal-poor cases, the upper RGB. It is also possible that505

the oscillations found in these stars are due to contam-506

ination from a nearby star, as 20 of these stars were507

flagged as potentially contaminated. Should these stars508

be contaminated by more metal-poor AGB or upper509

RGB stars, then the false positive νmax detection would510

lead to lower surface gravities and lower mass estimates.511

4.3. Potential for Future Work512

We also performed the cuts from Section 2.2 on a sam-513

ple of stars created by cross-matching the TESS Input514

Catalog (K. G. Stassun et al. 2018b) and the R. Andrae515

et al. (2023) catalog, allowing for full-sky coverage. This516

leads to a total sample of 92,183 targets. If the number517

of sectors is removed as a selection criterion, then the518

sample increases to 242,803 targets. We calculate detec-519

tion probabilities for these targets using the TESS-atl520

python package (D. Hey et al. 2024), which determines521

detection probabilities by using apparent magnitude,522

Teff , radius, log g, the number of observed TESS sec-523

tors, and the observing cadence as inputs. These de-524

tection probabilities, as well as the positions on the sky525

for these targets, are shown in Figure 2. To infer the526

number of expected detections, we take the number of527
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targets above a certain TESS-atl detection probability528

and multiply it by 43%, which is the recovery rate of529

νmax for the 227 stars we study in this paper (see Sec-530

tion 2.4 and 3). We summarize these counts in Table531

2.532

PTESS-atl Counts

> 0.05 36,620

> 0.5 98

> 0.6 22

> 0.7 7

> 0.8 5

> 0.9 3

> 0.95 1

Table 2. Estimated number of seismic detections of TIC
targets with Gaia XP spectroscopic parameters that pass
the selection criteria outlined in Section 2.2 given a threshold
TESS-atl detection probability.

These targets with high detection probabilities pro-533

vide a useful sample for finding likely intermediate-mass534

oscillating red giants. In particular, we point to the535

handful of stars found in the Southern Continuous View-536

ing Zone (see Figure 2), which could provide enough537

time-series data for a more detailed seismic analysis. We538

also include detection probabilities above the TESS-atl539

limit of 0.05, since the TESS-atl probabilities are statis-540

tical estimates rather than strict detection thresholds,541

and oscillation signals may still be detected at lower542

probabilities.543

5. CONCLUSION544

In this paper, we constructed a candidate list of545

227 evolved intermediate-mass stars and generated light546

curves for them by using custom photometric apertures547

from TESS full frame images. From their power spectra,548

we measured νmax for 98 stars, allowing us to estimate549

seismic masses using the single-scaling relation (equa-550

tion 9) and compare them to spectroscopic masses. Tak-551

ing the SSR, which combines νmax with a radius from552

Gaia, as our most precise estimator, we identified 44553

intermediate-mass stars (3 M⊙ ≲ M∗ ≲ 8 M⊙), includ-554

ing 10 with masses exceeding 5 M⊙.555

These detections mark an important step toward ex-556

tending asteroseismology to a mass regime that has been557

largely inaccessible to previous surveys. Measuring seis-558

mic masses for evolved intermediate-mass stars provides559

a new avenue for testing models of stellar structure and560

evolution in a critical transitional range—where convec-561

tive core overshoot, rotational mixing, and internal an-562

gular momentum transport begin to shape post-main-563

sequence evolution in ways that differ from lower-mass564

red giants. The ability to detect solar-like oscillations565

in stars approaching and exceeding 5 M⊙ therefore of-566

fers an opportunity to empirically constrain how these567

processes scale with mass and influence the subsequent568

core-helium-burning phase. More broadly, these mea-569

surements fill a key gap between low-mass red giants570

that dominate current seismic catalogs and the high-571

mass progenitors of core-collapse supernovae, connect-572

ing two regimes of stellar evolution that have so far been573

studied largely in isolation.574

This work only touches the surface of the future poten-575

tial to study intermediate-mass giants with asteroseis-576

mology. Beyond our identification of 44 intermediate-577

mass red giants, we identify a target list of 92,183 stars578

observed by TESS with available Gaia XP spectroscopic579

parameters that have potential to be intermediate mass580

by the same selection criteria we employed for the 44581

intermediate-mass stars found in this study. Looking582

forward, the Nancy Grace Roman Space Telescope (R.583

Observations Time Allocation Committee & C. Com-584

munity Survey Definition Committees 2025) will launch585

as early as September 2026 and perform a high cadence586

time-domain survey of the Galactic bulge. This has the587

potential to yield approximately 300,000 νmax detections588

in oscillating red giants, with about 1-2% of those esti-589

mated to be intermediate-mass (T. J. Weiss et al. 2025).590

In future work, it will be important to perform a more591

detailed analysis of these targets and others across the592

TESS fields. As noted in M. H. Pinsonneault et al.593

(2025), employing multiple asteroseismic pipelines can594

yield more precise and consistent stellar parameters, a595

natural next step to validate and refine our current mass596

estimates. A more detailed frequency analysis, along-597

side improved noise modeling, could further confirm the598

intermediate-mass nature of these stars and probe their599

internal structure more deeply. Expanding this sample600

with additional spectroscopic surveys or ground-based601

follow-up would provide a broader basis for comparison602

with stellar evolution models. Finally, because our man-603

ual aperture selection proved highly effective in improv-604

ing signal recovery, developing an automated version of605

this method would enable larger searches for oscillations606

in the most massive TESS giants, advancing the reach of607

population asteroseismology toward more massive stars.608
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APPENDIX668

A. INFERRING FULL SEISMIC MASSES669

A.1. Measuring ∆ν670

For ∆ν, we compute the power spectrum of the power671

spectrum (PS⊗ PS) around the oscillation envelope S.672

Hekker et al. (2010); S. Mathur et al. (2010), which we673

broadly define as ±5 ∆νest about νmax, where ∆νest674

comes from the D. Stello et al. (2009) νmax-∆ν relation-675

ship. We then choose the peak closest to ∆νest as an676

initial guess of the star’s true ∆ν. In cases where there677

was not a prominent peak, we adopt ∆νest as the initial678

guess. To verify our initial guess, we visually inspect the679

echelle diagram for each of our targets and then adjust680

∆ν accordingly until we begin to see ridges. Since we681

measure ∆ν by eye, it is difficult to estimate the uncer-682

tainty using bootstrapping methods like we did for νmax.683

Instead, we compute our ∆ν uncertainties by scaling the684

median APOKASC-3 (M. H. Pinsonneault et al. 2025)685

∆ν uncertainty (σ∆ν,Kepler = 0.6%) with the following686

equation:687

σ∆ν,TESS = σ∆ν,Kepler
TKepler

TTESS
(A1)688

where TKepler is the four year Kepler baseline and TTESS689

is the baseline of each target star.690

We determine f∆ν by entering metallicity, Teff , νmax,691

and ∆ν into Asfgrid (S. Sharma & D. Stello 2016; D.692

Stello & S. Sharma 2022), which determines the f∆ν by693

interpolating across a grid of stellar models. However,694

because Asfgrid only covers uncorrected seismic masses695

(from the Teff , νmax, and ∆ν inputs) up to 5.5 M⊙, 7696

of our stars fall outside the model grid and are inter-697

polated using the nearest grid point. These stars are698

flagged accordingly and we treat their mass estimates699

with caution. We then determine the full seismic radii700

and masses using equations 7 and 8.701

A.2. Discussion on Full Seismic Masses702

Using the methods of Section A.1 yields 71 stars with703

DSR mass estimates out of the 98 stars total with νmax704

detections. We compare the DSR mass estimates to the705

SSR mass estimates from 2.4 in Figure 7. It can be706

seen that there are significant deviations between the707

two mass estimates, which could be caused by a number708

of factors.709

www.sdss.org
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Figure 7. Top Panel: Comparison of the DSR mass to
the SSR mass for all stars with measured ∆ν. Dotted line
represents a 1:1 mass relation. Bottom Panel: Fractional
mass residuals for all stars with measured ∆ν. The dashed
line represents the 1:1 mass relation and the two dotted lines
correspond to ±2σ around the mean of the residual distribu-
tion. The mean fractional residual is ∼ 0.10. In both panels,
the red points are the stars which have uncorrected seismic
masses outside of Asfgrid as discussed in Section A.1.

The immediate one is that the ∆ν measurements are710

not reliable. Since the bulk of our sample oscillates711

at very low frequencies, many of the ∆ν measurements712

were determined by only two or three radial orders.713

Another potential source for systematic errors comes714

from the large radii that we see in these stars, with most715

of our sample falling between 20 − 80R⊙ for both the716

seismic and Gaia radii. The DSR begins to break down717

at large radii (J. C. Zinn et al. 2023; A. L. Ash et al.718

2025), largely due to the ∆ν term. In particular this719

causes the inflation of seismic radii leading to higher-720

mass estimates for stars with low νmax.721

As discussed in Section 2.4, we assume fνmax
is of or-722

der unity. This could cause deviations, because the SSR723

depends on fνmax
linearly and the DSR depends on fνmax

724

cubed, the same correction factor will yield different seis-725

mic masses.726

It is not clear which of these effects could be the pri-727

mary cause of the deviations in seismic mass estimates.728

As such, we choose to trust the SSR mass estimates over729

the DSR mass estimates.730
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