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ABSTRACT

We present results of a continuation of our Transiting Exoplanet Survey Satellite (TESS) search for short-period pulsations in compact
stellar objects observed during Years 2 and 4 of the TESS mission that targeted the northern ecliptic hemisphere. For many of
the targets, we exploit unpublished spectroscopic data to confirm or determine the object’s spectral classification. From the TESS
photometry, we identify 50 short-period hot-subdwarf pulsators, including 35 sdB and 15 sdOB stars. The sample contains 26 pulsators
not known before the TESS mission. Nine stars show signals at both low and high frequencies, and are therefore “hybrid” pulsators.
For each pulsator, we report the list of prewhitened frequencies and we show amplitude spectra calculated from the TESS data. We
attempt to identify possible multiplets caused by stellar rotation, and we report five candidates with rotation periods between 11 and
46 d. Having the search for p-mode pulsating hot subdwarfs in TESS Sectors 1 – 60 done, we discuss the completeness of the study,
as well as instability strip and the evolutionary status of the stars we found. We also compare the distribution of pulsation periods as a
function of effective temperature and surface gravity with theoretical predictions. We find that the percentage of undetected pulsators
in the TESS mission increases with decreasing brightnesses of stars, reaching 25% near the 15th magnitude. When comparing the
distribution of hot subdwarfs in the log g-Teff plane with stellar models, we underline the importance of a proper treatment of the
hydrogen-rich envelope composition (strongly affected by microscopic diffusion processes). We also emphasize that the stellar mass
is a significant factor in understanding the instability strip. The p-mode instability strip is confirmed to be narrower than predicted
by non-adiabatic calculations based on models incorporating equilibrium between gravitational settling and radiative levitation for
iron. This implies that competing mixing processes ignored in these models must play a role to reduce the amount of levitating iron
in the stellar envelope. Interestingly, we find that the coolest p-mode pulsators with Teff ≲ 30,000 K (including the hybrid ones) tend
to cluster around the Terminal Age of the Extreme Horizontal Branch of canonical mass (∼ 0.47 M⊙), a trend expected from the
non-adiabatic pulsation calculations. Otherwise, the overall pulsation period distributions tend to reproduce the predicted trends in
Teff and log g.
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1. Introduction

Baran et al. (2023, hereafter: Paper I) reported their detection
of 43 hot-subdwarf pressure (p) mode pulsators in the southern
ecliptic hemisphere observed with the Transiting Exoplanet Sur-
vey Satellite (TESS). The sample includes 32 subdwarf B (sdB)
stars, eight subdwarf OB (sdOB) stars, two subdwarf O (sdO)
stars, and, significantly, one He-sdOB star, which is the first of
this kind to show short-period pulsations. An introduction to all
types of hot subdwarfs are provided in Paper I.

We continued our effort to search for hot-subdwarf p-
mode pulsators in the northern ecliptic hemisphere observed by
TESS. Our ultimate goal is to report the census of the p-mode-
dominated hot-subdwarf stars surveyed by the TESS satellite,
along with an ensemble analysis on the presence of p-mode pul-
sators among hot subdwarfs.

2. Classification spectra

To verify or establish the spectral classification for some of the
objects, new spectra were obtained using the ALFOSC spec-
trograph on the 2.56 m Nordic Optical Telescope (NOT). We
mainly used grism #18 that samples the Balmer series from Hβ

to shorter wavelengths, spanning 345 – 535 nm, and we used a 1-
arcsec slit resulting in R = 1000 spectral resolution. These spec-
tra also serve to obtain estimates of the effective temperature,
surface gravity and surface He/H, using the classical LTE model
atmospheres of Heber et al. (2000). The obtained values are
quoted in the context of the individual stars.

3. TESS photometry

We follow the same approach as explained in Paper I. Basically,
we downloaded all available data of our targets from the Barbara
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A. Mikulski Archive for Space Telescopes (MAST)1. Our pref-
erence is to use the USC (ultra-short cadence of 20 s integration)
data, if available, with which the entire p-mode frequency range
is sampled. In the case of the SC (short cadence of 120 s) data,
the Nyquist frequency (at 4167µHz) is in the middle of the p-
mode region and aliasing becomes a serious issue. We used PD-
CSAP_FLUX, which is corrected for on-board systematics and
neighbors’ contributions to the overall flux. We clipped fluxes at
4.5σ to remove outliers, de-trended long-term variations (on the
order of days) with spline fitting, and calculated the amplitude of
the flux variations using the relation A[ppt]=1000*(flux/<flux>-
1), where ppt is parts-per-thousand.

4. Fourier analysis

We used the same prewhitening techniques with a detection
threshold as described in Paper I. Based on results presented
by Baran & Koen (2021), we adopted a detection threshold
at signal-to-noise (S/N) of 4.5 times the median noise level to
both the SC and USC data sets, regardless of the data cover-
age. Nevertheless, frequencies with S/N≤ 5.5 (corresponding
to a FAP = 0.1%) should be considered tentative. To search for
significant signal in the amplitude spectra, we used the FELIX
package (Charpinet et al. 2010; Zong et al. 2016) and other ded-
icated scripts. We followed the same procedure as explained in
Paper I. At first, an automatic search was performed, looking for
significant variations beyond 1 500 µHzwhere p-modes are usu-
ally found. Then, an individual check was carried out to establish
if detected variations are indeed consistent with p-mode pulsa-
tions. We detected signals in the p-mode region in 50 hot subd-
warfs. Twelve targets were observed only in the SC mode, while
38 were observed in the USC mode. We found 11 new detections
in SC data and 16 new detections in USC data, while the remain-
ing one (SC) and 22 (USC) hot-subdwarf pulsators were already
known prior to the TESS mission. We present the list of all p-
mode hot subdwarf pulsators in Table 1. This table also provides
the spectral type (SpT), either from the literature or from new
spectroscopy that we acquired recently. The classification con-
vention we applied is explained in Paper I, basically we marked
those stars with detectable He I, or no He I lines at all, with a
B class. Those stars with detectable He II at 4686 Å with class
OB, and those stars with strong He II and no He I with class O.
Below we describe each target, including previously-published
pulsation properties, followed by amplitude spectra and the list
of frequencies detected from the TESS light curves.

4.1. Targets observed in the SC mode

For stars with SC mode data, the Nyquist frequency is at
4167µHz. As in Paper I, we decided to prewhiten frequencies
that are found in the super-Nyquist region. We tried to dis-
cern sub- from super-Nyquist, by first relying on previously-
published results for known pulsators and then using a combi-
nation of amplitude, multi-sector observations (if available), and
peak shape in the Fourier transform (FT). We show amplitude
spectra of SC-observed pulsating subdwarf B stars (sdBV) in
Figure 1 and A.1 and provide the seismic properties of the de-
tected pulsation frequencies, f1 to fN in Table 2, as well as any
detected binary orbital signal as Ω and its harmonic 2Ω.

1 archive.stsci.edu

TIC 968226 (PHL 211) is a new sdB pulsator. The spectral
classification was revealed by Kilkenny (1984), who marked it
as an sdB star based on Strömgren indices. Our fit to a spec-
trum taken with the NOT in 2022 gives Teff = 28 982(198) K,
log(g/cm s−2) = 5.42(3) and log(n(He)/n(H)) = -3.15(9), and we
classified the star as an sdB. TESS observed the star during Sec-
tor 42. We detected two frequencies in the p-mode region pro-
vided in Table 2 and shown in Fig. 1.

TIC 16993518 (FBS 1539+355) is a new sdOB pulsator.
Pérez-Fernández et al. (2016) found the star as a hot subd-
warf candidate with Teff = 32 500 K. Later, based on photometry,
Geier et al. (2017) classified the star as an sdB. Our fit to a spec-
trum taken with the NOT in 2022 gives Teff = 32 194(187) K,
log(g/cm s−2) = 5.37(4) and log(n(He)/n(H)) = -2.27(9), and we
classified the star as an sdOB. TESS observed the star during
Sector 51. We detected three frequencies in the p-mode region
shown in Fig. 1, with frequencies in Table 2.

TIC 85145647 (FBS 0725+623) is a new sdB pulsator. Based
on photometry, Geier et al. (2017) classified the star as
an sdB. Our fit to a spectrum taken with the INT in
2014 gives Teff = 32 287(656) K, log(g/cm s−2) = 5.41(12) and
log(n(He)/n(H)) = -3.03(39), indicating an sdB classification.
TESS observed the star during Sectors 20 and 47. We detected
seven frequencies in Sector 20 and two frequencies in Sec-
tor 47, which differed in amplitude. We show the amplitude spec-
trum calculated from Sector 20 data in Fig. 1, and we list the
prewhitened frequencies in data from both Sectors in Table 2.
Three frequencies f2, f3 and f4, make a slightly asymmetric
triplet. The signal-to-noise (S/N) ratio of f4 is only 3.6, which
may not be an intrinsic signal. The splittings on both sides are
1.11 and 0.99µHz and assuming the splitting is caused by rota-
tion, the average rotation period is 11.0(7) days.

TIC 97286494 (GALEX J081110.8+273420) is a new sdB
pulsator. Based on photometry, Geier et al. (2017) classified the
star as an sdB+F. TESS observed the star during Sectors 44 –
47 from which we detected only one frequency in the p-mode
region. We show the amplitude spectrum in Fig. 1, and list the
prewhitened frequency in Table 2.

TIC 154818961 (Gaia DR3 1935962732084366592) is a new
sdB pulsator. Our fit to a spectrum taken with the NOT in
2023 gives Teff = 28 330(281) K, log(g/cm s−2) = 5.29(4) and
log(n(He)/n(H)) = -1.71(5), and we classified the star as an sdB.
TESS observed the star during Sector 57. We detected three fre-
quencies and based on amplitudes and profiles we selected those
in the sub-Nyquist region. We interpret the two low frequen-
cies to be a binary frequency and its first harmonic. We show
the amplitude spectrum in Fig. 1, and list the prewhitened fre-
quencies in Table 2. The middle panel shows an additional comb
of low amplitude frequencies; we found that TIC 2041859698
(Gaia DR3 1935962732084366464) is the source of those fre-
quencies, which we interpret to be caused by eclipses. We esti-
mate the orbital period of this eclipsing binary system to be near
1.5 d.

TIC 157141133 (Gaia DR3 6904512841490841472) is a new
sdB pulsator. Our fit to a spectrum taken with the ING in
2014 gives Teff = 31 076(207) K, log(g/cm s−2) = 5.60(4) and
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Fig. 1. Amplitude spectra of the targets observed in the SC mode. If sector is not specified, we included all data. Left panels: Frequency range, up
to twice the Nyquist frequency. The arrows point at the Nyquist frequency of 4166.67µHz. Right panels: Close-ups of the detected frequencies.

log(n(He)/n(H)) = -2.97(16), and we classified the star as an sdB.
TESS observed the star during Sector 54. We detected three fre-
quencies in the sub-Nyquist region. Frequency f1 is likely a bi-
nary signature. We show the amplitude spectrum in Fig. 1, and
the prewhitened frequencies in Table 2.

TIC 186484490 (FBS 0117+396) is a known sdB pulsator. It
was originally identified as sdB-O in the First Byurakan Sky Sur-
vey (Abrahamian et al. 1990). Østensen et al. (2013) derived

atmospheric parameters and classified the star as an sdB. The
same authors reported a discovery of the star to be an sdB+dM
binary system with a pulsating primary. Two high and eight low
frequency signals were reported and the orbital period was esti-
mated to be 0.252013(13) days. The binarity was confirmed with
radial velocity data. TESS observed the star during Sector 17. We
detected a binary frequency and its first harmonic. The orbital
period we measured is 0.251966(23) days and we detected only
one high frequency signal, frequency f1 reported by Østensen
et al. (2013), and in the sub-Nyquist region. We show the ampli-

Article number, page 3 of 31



A&A proofs: manuscript no. p-modeNorth

tude spectrum in Fig. A.1, and list the prewhitened frequencies
in Table 2.

TIC 199715319 (PG 1656+553) is a new sdB pulsator. The
star was classified as an sdB star in the Palomar-Green (PG)
survey (Green et al. 1986) and later confirmed by Kilkenny
et al. (1988). Our fit to a spectrum taken with the NOT in
2023 gives Teff = 28 144(310) K, log(g/cm s−2) = 5.32(4) and
log(n(He)/n(H)) = -3.15(10), and we classified the star as an sdB.
TESS observed the star during Sectors 40,49 – 53,56 – 57 and
59. We detect only one frequency, listed in Table 2 and show
the amplitude spectrum calculated from all sectors except 40 in
Fig. A.1.

TIC 222892604 (LS IV+06◦ 5) is a new sdB pulsator. Nassau
& Stephenson (1963) classified it as a main-sequence B star. We
obtained a NOT spectrum in 2022 and re-classify it as an sdB
star. Our fit gives Teff = 30 363(188) K, log(g/cm s−2) = 5.47(3)
and log(n(He)/n(H)) = -3.08(13). TESS observed the star during
Sector 54. We detected five frequencies with two of them being
close to each other, possibly part of a multiplet. The frequency
splitting is 0.5039µHz, giving a rotation period of either 23 or
46 days (for ∆m of 1 or 2, respectively). We show the ampli-
tude spectrum in Fig. A.1, and list the prewhitened frequencies
in Table 2.

TIC 248776104 (PG 2052−003) is a new sdB pulsator. The
star was classified as an sdB star in the Palomar-Green (PG) sur-
vey (Green et al. 1986). Our fit to a spectrum taken with the NOT
in 2022 gives Teff = 32 891(205) K, log(g/cm s−2) = 5.52(4) and
log(n(He)/n(H)) = -2.89(14), and we classified the star as an sdB.
TESS observed the star during Sector 55. We detected two fre-
quencies, which we list in Table 2 and show the amplitude spec-
trum in Fig. A.1.

TIC 331656308 (FBS 0433+759) is a new sdB pul-
sator. Our fit to a spectrum taken with the NOT in 2022
gives Teff = 28 411(230) K, log(g/cm s−2) = 5.36(3) and
log(n(He)/n(H)) = -2.95(11), and we classified the star as
an sdB. TESS observed the star during Sectors 52, 53 and 59.
The frequency content significantly varies over time and we
decided to analyze each contiguous set separately. Therefore,
Sectors 52 and 53 were merged but Sector 59 data were treated
separately. We detected four and five frequencies in the former
and latter data sets, respectively. One/three frequencies were
detected in the g-mode region, which makes the star a hybrid
pulsator. The total power of p-mode signals during Sector 59 is
smaller than during Sectors 52 – 53, while the power of g-mode
signals are quite opposite. Energy transferred between modes
through nonlinear coupling is a possible explanation for such
a variable pulsation spectrum (Zong et al. 2016). We show
the amplitude spectrum for Sector 59 data in Fig. A.1, and we
separately list the prewhitened frequencies from both data sets
in Table 2.

TIC 392092589 (Ton 4) is a new sdB pulsator. It was
classified as a hot subdwarf by Pérez-Fernández et al.
(2016). Our fit to a spectrum taken with the NOT in
2015 gives Teff = 27 654(280) K, log(g/cm s−2) = 5.40(4) and
log(n(He)/n(H)) = -2.97(10), and we confirm the sdB classifica-
tion. TESS observed the star during Sectors 44 – 46. We detected

four frequencies, three g-modes and one p-mode. Two additional
g-mode frequencies may be seen in the middle panel, however
their amplitudes do not meet our detection limit. We show the
amplitude spectrum in Fig. A.1, and list the prewhitened fre-
quencies in Table 2.

4.2. Targets observed in the USC mode

For all targets observed in the USC mode, there is also corre-
sponding SC data available. In addition, some targets listed be-
low were observed during specific sectors (1–13) in SC mode
as USC was not available. The Nyquist frequency of USC data,
25,000µHz, is well beyond expected pulsation frequencies and
so USC provides us with a unique frequency identification. As
such we decided not to include any SC data in this paper, even
those taken in sectors without available USC data. Table 1 pro-
vides detailed sector information, including sectors with SC data
that were not used in our analyses. We show the amplitude spec-
tra of SC-observed sdBV stars in Figures 2 through A.6 and pro-
vide the seismic properties in Table 3.
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Table 1. The list of pulsating hot subdwarfs found in the TESS data.
No USC data were available prior to Sector 27, hence data in sectors
marked in parentheses were not used in our analysis. New pulsators are
marked with bold font.

TIC Sector SpT

SC
ta

rg
et

s

968226 42 sdB
16993518 51 sdOB
85145647 20,47 sdB
97286494 44 – 47 sdB

154818961 57 sdB
157141133 54 sdB
186484490 17 sdB
199715319 40,49 – 53,56,57,59 sdB
222892604 54 sdB
248776104 55 sdB
331656308 52,53,59 sdB
392092589 44 – 46 sdB

U
SC

ta
rg

et
s

4632676 49 sdOB
26291471 51 sdOB
55753808 (21),(22),41,48 sdOB
56863037 (21),47 sdB
60985176 (17),42,43 sdOB
63168679 44,46 sdOB
68495594 (20),44,45,60 sdOB
82359147 (24) – (26),51,52 sdB
88484868 (20),47,60 sdB
88565376 (20),47,60 sdB
90960668 56 sdB

114196505 54 sdB
136975077 (15),(16),55,56 sdB
137502282 (20),40,47,53,60 sdOB
138618727 (14),(15),(21),41,48 sdB
142398823 41,48,49 sdB
159644241 (14),(15),40,41,54,55 sdB
165312944 (15),(22),48,49 sdB
166054500 (22),(23),48,49 sdB
175402069 (23),46,50 sdB
178081355 58 sdOB
191442416 (17),57 sdB

202354658 (15),(16),(18),(22) – (24), sdB48 – 51,58
207440586 (16),(22) – (25),49 – 52,56 sdOB
219492314 (24),(25),51,52 sdOB
240868270 (17),(18),58 sdOB
266013993 42,43 sdB
273255412 54 sdB
284692897 40,41,54 sdB
309807601 49,50 sdB
310937915 42 sdOB
355754830 60 sdB
357232133 47,60 sdOB
364966239 41,47,54–57,60 sdOB
397595169 56 sdB

424720852 (14) – (16),(20),(23), sdB40,41,50,54 – 57,60

441725813 (14) – (25), sdB40,41,47 – 52,55 – 60

471015194 (14),(16),(17),(20),(23), sdB40,41,47,50,54 – 57,60

Table 2. List of frequencies detected in the targets observed only with
the SC. If sector is not specified, we included all data.

ID Frequency Period Amp. S/N[µHz] [sec] [ppt]
TIC 968226

f1 2971.735(8) 336.5038(9) 9.89(32) 26.4
f2 5535.884(30) 180.6396(10) 2.51(32) 6.7

TIC 16993518
f1 5406.991(25) 184.9458(9) 8.8(9) 8.8
f2 5409.845(48) 184.8482(16) 4.6(9) 4.6
f3 5415.405(24) 184.6584(8) 9.1(9) 9.1

TIC 85145647 – Sector 20
f1 2296.635(17) 435.4197(33) 5.19(38) 11.7
f2 2363.520(20) 423.0977(36) 4.61(38) 10.4
f3 2364.626(30) 422.900(5) 3.26(38) 7.3
f4 2365.62(6) 422.723(10) 1.61(38) 3.6
f5 2473.358(23) 404.3086(38) 3.87(38) 8.7
f6 2805.127(34) 356.4900(43) 2.64(38) 6.0
f7 2903.264(24) 344.4399(29) 3.69(38) 8.3

TIC 85145647 – Sector 47
f1 2296.617(20) 435.4231(39) 6.0(5) 9.7
f2 2363.493(14) 423.1026(25) 8.6(5) 14.0

TIC 97286494
f1 7294.7690(26) 137.084532(48) 0.552(24) 19.7

TIC 154818961
Ω 67.5236(34) 14809.6(7) 1.51(27) 4.8
2Ω 135.0472 7404.8 8.51(27) 26.9
f1 2475.812(8) 403.9079(14) 6.84(27) 21.6

TIC 157141133
f1 199.6893(44) 5007.78(11) 10.49(21) 43.4
f2 3767.119(16) 265.4549(11) 2.90(21) 12.0
f3 3816.152(28) 262.0441(19) 1.63(21) 6.7

TIC 186484490
Ω 45.9351(43) 21769.9(2.0) 56.3(1) 47.1
2Ω 91.8702 10884.95 8.6(1) 7.2
f1 2965.506(26) 337.2105(29) 9.7(1) 8.1

TIC 199715319 – Sector 49 – 53,56,57,59
f1 2809.4228(16) 355.94500(21) 3.76(30) 10.8

TIC 222892604
f1 4968.6121(35) 201.26345(14) 10.03(11) 104.5
f2 4969.116(6) 201.24306(23) 6.36(11) 66.2
f3 4979.745(30) 200.8135(12) 0.62(8) 6.4
f4 5038.476(13) 198.4727(5) 1.47(8) 15.3
f5 5223.378(40) 191.4470(15) 0.47(8) 4.9

TIC 248776104
f1 3735.552(26) 267.6980(19) 5.4(6) 7.3
f2 3838.819(42) 260.4968(29) 3.3(6) 4.5

TIC 331656308 – Sector 52 – 53
f1 109.235(12) 9154.5(1.0) 2.52(25) 8.4
f2 2672.733(16) 374.1489(23) 1.91(25) 6.4
f3 2810.7229(41) 355.7804(5) 7.44(25) 24.9
f4 2874.6505(20) 347.86838(24) 15.43(25) 51.7

TIC 331656308 – Sector 59
f1 147.351(40) 6786.5(1.8) 1.69(27) 5.3
f2 278.870(32) 3585.91(41) 2.09(27) 6.5
f3 325.350(35) 3073.61(33) 1.94(27) 6.1
f4 2810.714(8) 355.7815(10) 8.33(27) 26.1
f5 2874.478(10) 347.8893(12) 6.62(27) 20.8

TIC 392092589
f1 214.340(13) 4665.49(27) 1.42(22) 5.4
f2 284.692(9) 3512.57(11) 2.00(22) 7.6
f3 308.856(11) 3237.75(11) 1.65(22) 6.3
f4 2669.558(7) 374.5938(10) 2.42(22) 9.2
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Table 3. List of frequencies we detected in the targets observed in the USC. If
sector is not specified, we included all USC data.

ID Frequency Period Amplitude S/N[µHz] [sec] [ppt]
TIC 4632676

Ω 4.420(25) 226244(1283) 4.26(44) 8.1
f1 7279.068(34) 137.3802(6) 3.08(44) 5.9

TIC 26291471
f1 7186.374(38) 139.1522(7) 7.4(1) 5.6

TIC 55753808 – Sector 41
f1 7569.914(5) 132.10189(9) 23.3(5) 40.8

TIC 56863037
f1 5924.675(41) 168.7856(12) 1.81(33) 4.6
f2 6035.540(31) 165.6853(8) 2.42(33) 6.2
f3 6175.911(42) 161.9194(11) 1.79(33) 4.6
f4 6189.800(43) 161.5561(11) 1.74(33) 4.5
f5 6419.795(17) 155.76822(40) 4.52(33) 11.6

TIC 60985176
f1 6089.529(9) 164.21631(25) 5.89(45) 11.2
f2 8353.720(22) 119.70715(31) 2.46(45) 4.7
f3 15350.164(22) 65.14588(9) 2.42(45) 4.6

TIC 63168679
f1 6657.017(10) 150.21743(23) 0.59(9) 5.8
f2 6657.4928(44) 150.20670(10) 1.44(9) 14.0
f3 6657.976(5) 150.19579(12) 1.30(10) 12.7
f4 6658.2676(44) 150.18922(10) 1.93(10) 18.8
f5 6658.629(9) 150.18106(20) 0.79(10) 7.8
f6 6856.7648(41) 145.84137(9) 1.41(9) 13.8
f7 7129.6351(19) 140.259632(38) 3.16(9) 30.8
f8 7130.2417(20) 140.247700(39) 3.06(9) 29.8
f9 7337.6183(27) 136.284003(50) 2.15(9) 21.0
f10 7339.831(10) 136.24292(18) 0.61(9) 5.9

TIC 82359147
f1 6891.368(21) 145.10908(45) 4.7(7) 5.4
f2 7567.595(21) 132.14237(37) 4.8(7) 5.5

TIC 88484868 – Sector 47
f1 173.607(19) 5760.2(6) 1.43(12) 10.1
f2 180.171(42) 5550.3(1.3) 0.67(12) 4.7
f3 186.959(30) 5348.8(9) 0.91(12) 6.4
f4 216.256(15) 4624.15(31) 1.90(12) 13.4
f5 222.732(18) 4489.70(37) 1.53(12) 10.7
f6 273.006(23) 3662.93(30) 1.23(12) 8.7
f7 291.265(13) 3433.30(16) 2.09(12) 14.7
f8 298.380(11) 3351.43(12) 2.54(12) 17.9
f9 2721.901(5) 367.3903(7) 5.23(12) 36.9
f10 2744.9768(31) 364.30180(42) 9.66(14) 68.1
f11 2745.647(8) 364.2129(11) 3.81(15) 26.8
f12 2746.415(11) 364.1111(14) 2.87(14) 20.2

TIC 88484868 – Sector 60
f1 123.997(35) 8064.7(2.3) 0.77(11) 5.9
f2 173.569(21) 5761.4(7) 1.31(11) 10.1
f3 180.323(25) 5545.6(8) 1.08(11) 8.3
f4 186.933(34) 5349.5(10) 0.80(11) 6.2
f5 216.309(18) 4623.01(39) 1.49(11) 11.4
f6 222.719(22) 4489.96(44) 1.24(11) 9.6
f7 273.024(32) 3662.68(42) 0.86(11) 6.6
f8 291.230(12) 3433.71(14) 2.32(11) 17.9
f9 298.360(6) 3351.66(7) 4.48(11) 34.5
f10 317.579(22) 3148.82(22) 1.20(11) 9.3
f11 343.986(45) 2907.10(38) 0.61(11) 4.7
f12 2721.913(9) 367.3887(12) 3.34(12) 25.7
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Table 3. continued.

ID Frequency Period Amplitude S/N[µHz] [sec] [ppt]
f13 2722.467(25) 367.3139(34) 1.22(12) 9.4
f14 2745.054(7) 364.2916(9) 13.27(37) 102.0
f15 2745.364(22) 364.2504(29) 4.23(36) 32.5
f16 2746.307(7) 364.1253(9) 4.53(15) 34.9
f17 3043.387(37) 328.5813(40) 0.73(11) 5.6

TIC 88565376 – Sector 47
f1 2605.994(20) 383.7307(29) 6.7(6) 9.8
f2 2753.9552(43) 363.1141(6) 30.9(6) 45.1

TIC 88565376 – Sector 60
f1 2605.988(21) 383.7317(31) 5.55(49) 9.7
f2 2753.939(6) 363.1163(8) 19.65(49) 34.5

TIC 114196505
f1 106.727(40) 9369.7(3.5) 7.3(1) 4.6
f2 2649.222(9) 377.4693(13) 31.9(1) 20.3

TIC 136975077
f1 5045.308(29) 198.2040(11) 0.88(17) 5.7
f2 5045.508(13) 198.1961(5) 1.94(17) 12.5
f3 5084.231(21) 196.6866(8) 0.71(13) 4.6
f4 5093.9751(34) 196.31034(13) 4.30(13) 27.8
f5 5212.068(12) 191.86243(45) 1.21(13) 7.8
f6 5413.021(7) 184.73971(23) 2.23(13) 14.4
f7 5481.8018(38) 182.42177(13) 3.89(13) 25.2

TIC 137502282 – Sector 60
f1 6162.566(17) 162.27008(45) 3.59(25) 12.2
f2 7074.937(16) 141.34401(32) 3.91(25) 13.3

TIC 138618727 – Sector 41
Ω 33.6846(13) 29687.1(1.1) 23.68(13) 155.6

2Ω 67.3692 14843.55 1.90(13) 12.5
f1 2641.979(23) 378.5041(34) 1.30(13) 8.6
f2 2837.514(25) 352.4212(31) 1.21(13) 7.9
f3 2850.814(10) 350.7770(12) 3.16(13) 20.8
f4 2874.318(36) 347.9087(43) 0.89(13) 5.8
f5 2877.1565(29) 347.56538(35) 10.88(13) 71.5
f6 2878.653(30) 347.3847(36) 1.04(13) 6.8
f7 2906.269(22) 344.0838(26) 1.41(13) 9.3

TIC 138618727 – Sector 48
Ω 33.6826(14) 29688.9(1.2) 23.40(15) 135.3

2Ω 67.3652 14844.45 2.02(15) 11.7
f1 2641.965(36) 378.506(5) 0.92(15) 5.3
f2 2837.508(24) 352.4220(30) 1.38(15) 8.0
f3 2874.372(30) 347.9021(36) 1.14(15) 6.6
f4 2877.1608(28) 347.56486(34) 12.47(15) 72.1
f5 2878.659(23) 347.3839(28) 1.53(15) 8.8
f6 2906.243(22) 344.0868(27) 1.49(15) 8.6

TIC 142398823 – Sector 48 – 49
f1 6934.738(17) 144.20156(36) 1.32(21) 5.3
f2 7771.846(11) 128.66956(18) 2.07(21) 8.4

TIC 159644241
f1 5472.8591(15) 182.71985(5) 3.4(5) 5.4
f2 5760.1970(5) 173.605172(15) 10.2(5) 16.4
f3 5760.97251(48) 173.581804(14) 10.9(5) 17.4

TIC 165312944
f1 5806.563(18) 172.2189(5) 0.48(8) 5.3
f2 6721.456(14) 148.77729(31) 1.12(10) 12.5
f3 6721.592(22) 148.77428(50) 0.70(10) 7.8
f4 6961.3781(16) 143.649717(32) 5.54(8) 61.5
f5 7488.717(16) 133.53423(28) 0.67(9) 7.4
f6 7489.4568(14) 133.521032(25) 7.97(10) 88.6
f7 7490.125(8) 133.50912(14) 1.30(9) 14.4
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Table 3. continued.

ID Frequency Period Amplitude S/N[µHz] [sec] [ppt]
f8 7807.7404(34) 128.07803(6) 2.53(8) 28.2
f9 8169.0575(27) 122.413142(40) 3.25(8) 36.2

TIC 166054500
1 6680.396(14) 149.69173(31) 1.00(12) 6.9

TIC 175402069 – Sector 46
f1 5298.045(34) 188.7489(12) 1.16(17) 6.0
f2 5392.023(48) 185.4592(17) 1.43(21) 7.3
f3 5392.454(46) 185.4443(16) 1.50(21) 7.7
f4 5417.004(46) 184.6039(16) 0.87(17) 4.5
f5 5435.4698(46) 183.97674(15) 8.77(17) 45.0
f6 5444.324(21) 183.6775(7) 1.87(17) 9.6
f7 5470.650(37) 182.7936(12) 1.09(17) 5.6
f8 5562.301(27) 179.7817(9) 1.49(17) 7.7
f9 5585.651(25) 179.0302(8) 1.57(17) 8.1
f10 5760.736(16) 173.58894(50) 2.43(17) 12.4
f11 7071.184(31) 141.4190(6) 1.29(17) 6.6

TIC 175402069 – Sector 50
f1 5219.087(47) 191.6044(17) 0.82(16) 4.5
f2 5298.072(24) 188.7479(9) 1.57(16) 8.6
f3 5369.360(40) 186.2420(14) 0.95(16) 5.2
f4 5435.4582(28) 183.97713(9) 13.76(16) 75.2
f5 5444.320(19) 183.6777(6) 2.06(16) 11.2
f6 5470.662(41) 182.7932(14) 0.93(16) 5.1
f7 5552.316(44) 180.1050(14) 0.88(16) 4.8
f8 5562.355(45) 179.7800(15) 0.85(16) 4.7
f9 5585.631(26) 179.0308(8) 1.50(16) 8.2
f10 5757.213(39) 173.6952(12) 0.99(16) 5.4
f11 5760.722(15) 173.58935(47) 2.48(16) 13.6
f12 7071.229(35) 141.4181(7) 1.10(16) 6.0

TIC 178081355
f1 6022.331(35) 166.0487(10) 1.93(30) 5.5
f2 6668.937(39) 149.9489(9) 1.73(30) 5.0
f3 6902.357(11) 144.87806(24) 5.88(30) 16.8

TIC 191442416
f1 4271.481(28) 234.1108(16) 4.8(7) 6.3
f2 5482.207(20) 182.4083(7) 6.7(7) 8.8

TIC 202354658 – Sector 48 – 51
f1 3074.957(6) 325.2078(6) 1.45(16) 7.9
f2 3077.0481(10) 324.98680(10) 8.96(16) 48.8
f3 3079.130(7) 324.7670(7) 1.31(16) 7.1
f4 3088.414(7) 323.7908(7) 1.26(16) 6.9
f5 3090.5031(10) 323.57191(11) 9.36(16) 51.0
f6 3091.167(7) 323.5024(7) 1.43(16) 7.8
f7 3091.848(5) 323.4312(5) 1.81(17) 9.9
f8 3092.595(7) 323.3530(7) 1.30(17) 7.1

TIC 207440586 – Sector 56
f1 6945.996(21) 143.96784(43) 2.20(20) 9.3
f2 6948.178(29) 143.9226(6) 1.59(20) 6.7
f3 7191.515(31) 139.0528(6) 1.49(20) 6.3

TIC 219492314
f1 6936.109(5) 144.17305(11) 5.56(24) 20.1

TIC 240868270
fA 1.7226(34) 580530(1155) 2.212(35) 59.9
fB 3.4117(15) 293105(125) 5.316(33) 144.1
fC 6.4641(29) 154701(69) 2.685(32) 72.8
f1 6219.191(7) 160.79262(18) 1.096(32) 29.7
f2 6220.319(7) 160.76347(19) 1.048(32) 28.4
f3 6886.900(21) 145.20322(45) 0.367(33) 9.9
f4 6888.509(11) 145.16930(24) 0.692(33) 18.7
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Table 3. continued.

ID Frequency Period Amplitude S/N[µHz] [sec] [ppt]
f5 7128.9861(26) 140.27240(5) 2.911(32) 78.9

TIC 266013993
f1 5240.491(7) 190.82182(27) 2.08(13) 14.0
f2 5284.909(9) 189.21803(31) 1.75(13) 11.8
f3 5611.984(14) 178.19011(44) 1.08(13) 7.3
f4 7233.366(17) 138.24822(32) 0.90(13) 6.0

TIC 273255412
f1 200.757(37) 4981.1(9) 0.59(10) 5.1
f2 1767.072(35) 565.908(11) 0.61(10) 5.3
f3 1822.727(7) 548.6286(21) 4.34(12) 37.7
f4 1823.391(8) 548.4287(24) 3.81(12) 33.2
f5 1883.332(7) 530.9737(19) 3.65(10) 31.8
f6 1884.891(37) 530.535(10) 0.67(10) 5.8
f7 1905.196(28) 524.880(8) 0.78(10) 6.8
f8 1934.090(7) 517.0389(17) 3.60(12) 31.3
f9 1934.7020(35) 516.8755(9) 6.71(12) 58.4
f10 1972.958(24) 506.853(6) 0.90(10) 7.8
f11 2059.224(7) 485.6199(16) 3.33(12) 29.0
f12 2060.167(21) 485.3975(50) 1.08(12) 9.4
f13 2141.805(8) 466.8960(17) 2.73(10) 23.8
f14 2214.0914(32) 451.6525(7) 7.73(11) 67.2
f15 2215.170(18) 451.4326(36) 1.40(11) 12.1
f16 2329.046(13) 429.3604(24) 1.65(10) 14.4
f17 2392.977(19) 417.8896(33) 1.14(10) 9.9
f18 2473.978(30) 404.2073(49) 0.72(10) 6.3
f19 2498.3133(39) 400.2700(6) 5.57(10) 48.5
f20 2520.811(31) 396.6978(48) 0.92(12) 8.0
f21 2521.894(37) 396.527(6) 0.82(12) 7.1
f22 2523.414(41) 396.289(6) 0.66(12) 5.7
f23 2524.833(43) 396.066(7) 0.54(11) 4.7
f24 2593.443(36) 385.588(5) 0.60(10) 5.2
f25 2658.533(39) 376.147(5) 1.01(12) 8.7
f26 2659.046(25) 376.0747(35) 1.56(12) 13.5

TIC 284692897 – Sector 40 – 41
Ω 121.7120(7) 8216.115(48) 1.06(19) 4.7

2Ω 243.4240 4108.0575 15.27(19) 67.5
f1 3665.134(15) 272.8413(11) 1.40(19) 6.2
f2 3733.129(10) 267.8718(7) 2.14(19) 9.5
f3 3792.730(14) 263.6623(10) 1.52(19) 6.7
f4 3823.710(15) 261.5261(10) 1.48(19) 6.6
f5 3885.889(18) 257.3414(12) 1.21(19) 5.3
f6 3908.570(5) 255.84805(34) 4.21(19) 18.6
f7 3924.770(18) 254.7920(12) 1.17(19) 5.2
f8 3933.711(18) 254.2129(11) 1.22(19) 5.4
f9 3992.693(21) 250.4575(13) 1.01(19) 4.5
f10 4053.126(21) 246.7231(13) 1.01(19) 4.5
f11 4129.329(13) 242.1701(8) 1.63(19) 7.2
f12 4168.217(17) 239.9108(10) 1.24(19) 5.5
f13 4177.108(15) 239.4001(8) 1.48(19) 6.6
f14 4179.068(21) 239.2878(12) 1.05(19) 4.7

TIC 309807601
f1 6896.776(17) 144.99528(36) 1.87(28) 5.8
f2 7344.805(11) 136.15066(21) 2.87(28) 8.8

TIC 310937915
f1 6963.373(33) 143.6086(7) 11.0(2) 6.2

TIC 355754830
f1 275.756(20) 3626.39(26) 0.80(7) 10.3
f2 403.764(25) 2476.69(15) 0.64(7) 8.3
f3 453.478(37) 2205.18(18) 0.43(7) 5.5
f4 565.832(10) 1767.310(32) 1.53(7) 19.8
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Table 3. continued.

ID Frequency Period Amplitude S/N[µHz] [sec] [ppt]
f5 3832.835(20) 260.9035(13) 0.81(7) 10.5
f6 3841.620(9) 260.3069(6) 2.24(8) 28.8
f7 3842.4635(27) 260.24971(18) 7.24(9) 93.4
f8 3843.2473(26) 260.19663(17) 6.72(9) 86.7
f9 3845.345(19) 260.0547(13) 0.91(7) 11.7
f10 3846.846(8) 259.9533(5) 2.59(9) 33.4
f11 3847.491(9) 259.9096(6) 2.50(9) 32.3
f12 3848.369(20) 259.8503(13) 0.94(8) 12.1
f13 3874.494(37) 258.0982(25) 0.42(7) 5.5
f14 4028.902(19) 248.2066(12) 0.84(7) 10.8

TIC 357232133 – Sector 47
f1 6744.690(31) 148.2648(7) 1.98(27) 6.3
f2 7167.391(8) 139.52078(16) 7.21(27) 22.9
f3 8065.521(16) 123.98455(24) 4.00(27) 12.7
f4 8066.831(30) 123.96441(45) 2.10(27) 6.7

TIC 364966239 – Sectors 54 – 57,60
f1 6568.4587(38) 152.24272(9) 0.91(10) 7.8
f2 6569.0255(17) 152.229581(40) 2.08(10) 17.7
f3 6569.608(6) 152.21609(15) 0.54(10) 4.6
f4 6787.6974(24) 147.32537(5) 1.40(10) 11.9

TIC 397595169
f1 2824.115(33) 354.0932(41) 2.08(30) 5.8
f2 2860.889(33) 349.5417(40) 2.09(30) 5.9

TIC 424720852 – Sectors 40 – 41
f1 105.593(13) 9470.3(1.2) 0.62(7) 7.4
f2 2469.440(17) 404.9501(28) 0.51(7) 6.1
f3 2469.752(15) 404.8990(25) 0.58(7) 6.9
f4 2470.079(8) 404.8453(13) 1.06(7) 12.8
f5 2662.554(18) 375.5792(25) 0.45(7) 5.4
f6 2680.773(5) 373.0268(7) 2.87(10) 34.4
f7 2681.0261(41) 372.9915(6) 5.78(8) 69.3
f8 2681.289(15) 372.9550(20) 1.11(9) 13.3
f9 2708.836(18) 369.1622(25) 0.44(7) 5.3

TIC 424720852 – Sectors 50,54 – 57,60
f1 105.6188(34) 9468.01(30) 0.328(46) 6.1
f2 175.7895(27) 5688.62(9) 0.408(46) 7.6
f3 271.0415(46) 3689.47(6) 0.239(46) 4.5
f4 289.9835(36) 3448.472(43) 0.482(50) 9.0
f5 290.066(6) 3447.49(7) 0.308(50) 5.8
f6 309.8852(31) 3227.001(33) 0.353(46) 6.6
f7 2469.5573(31) 404.9309(5) 0.398(50) 7.4
f8 2469.6820(17) 404.91043(28) 0.727(50) 13.6
f9 2470.0434(11) 404.85119(18) 0.997(46) 18.6
f10 2662.5412(18) 375.58104(25) 0.620(46) 11.6
f11 2680.76199(49) 373.02827(7) 2.531(48) 47.3
f12 2681.02654(22) 372.991458(30) 5.852(47) 109.4
f13 2681.2944(10) 372.95420(14) 1.209(48) 22.6
f14 2708.8358(30) 369.16228(41) 0.367(46) 6.9

TIC 441725813 – Sectors 55 – 60
f1 2755.5369(38) 362.9057(5) 0.098(9) 11.1
f2 2768.4702(24) 361.21032(31) 0.162(9) 18.2
f3 2769.1459(32) 361.12218(41) 0.122(9) 13.7
f4 2769.817(6) 361.0346(8) 0.066(9) 7.4
f5 2797.018(7) 357.5236(9) 0.054(9) 6.1
f6 2798.413(9) 357.3454(12) 0.041(9) 4.6
f7 3660.781(8) 273.1658(6) 0.049(9) 5.5
f8 3661.141(6) 273.13886(46) 0.061(9) 6.9
f9 3674.845(8) 272.1203(6) 0.046(9) 5.1
f10 3678.276(7) 271.86649(49) 0.059(10) 6.7
f11 3678.394(6) 271.85779(42) 0.068(10) 7.7
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Table 3. continued.

ID Frequency Period Amplitude S/N[µHz] [sec] [ppt]
f12 3678.593(6) 271.84307(42) 0.067(10) 7.6
f13 3680.469(7) 271.7045(5) 0.056(10) 6.3
f14 3680.617(7) 271.69360(50) 0.058(10) 6.5

TIC 471015194
f1 5629.2847(16) 177.64246(5) 1.22(20) 5.2
f2 5641.0876(10) 177.270779(33) 1.90(20) 8.1
f3 5788.6736(6) 172.751148(18) 3.31(20) 14.0
f4 6025.1463(12) 165.971073(34) 1.62(20) 6.9
f5 6032.7508(7) 165.761862(18) 3.02(20) 12.8
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TIC 4632676 (Ton 74) is a new sdOB pulsator. The star was
classified as an sdB star in the Palomar-Green (PG) survey
(Green et al. 1986). Then, the star was found to be a bi-
nary system consisting of sdB and dM stars by Luo et al.
(2016). Recently it was reclassified as an sdOB star by Lei
et al. (2019a). TESS observed the star during Sector 49. We de-
tected two frequencies, one in the very low frequency region,
which can be interpreted as a binary frequency (orbital period
of 2.619(15) days), and one in the high frequency region that we
associate with a p-mode. We show the amplitude spectrum in
Fig. 2, and list the prewhitened frequencies in Table 3.

TIC 26291471 (HE 1450-0957) is a known sdOB pulsator.
Lisker et al. (2005) derived its atmospheric parameters indicative
of an sdOB type and Østensen et al. (2010a) detected two high
frequency signals. TESS observed the star during Sector 51. We
detected only one frequency in the high frequency region that we
associated with a p-mode. It is close but does not overlap with
frequency f1 reported by Østensen et al. (2010a). We show the
amplitude spectrum in Fig. 2, and list the prewhitened frequency
in Table 3.

TIC 55753808 (PG 1203+574) is a new sdOB pulsator. The
star was originally classified as an sdB by Green et al. (1986). Lei
et al. (2019b) derived spectroscopic parameters and classified the
star as an sdOB. TESS observed the star during Sectors 41 and
48. These two data sets are many sectors apart and we decided
not to merge both sets, but to analyze them separately. We detect
the same single p-mode frequency in each data set. The ampli-
tude spectra also show low frequencies, which are characteristic
of binary frequencies. Our contamination analysis revealed that
the binary signal comes from neighboring TIC 55753802, which
is a known binary star and we provide no further analysis of this
signal. We show the amplitude spectrum for Sector 41 data in
Fig. 2, and list the prewhitened frequency in Table 3.

TIC 56863037 (DT Lyn) is a known sdB pulsator. The star
was originally classified as an sdB-O by Green et al. (1986).
Koen et al. (1999) obtained photometry and a spectrum, which
allowed them to sharpen the classification to sdB, and detect
three p-modes. Randall et al. (2007) independently classified the
star as an sdB and reported seven p-modes. They performed
an asteroseismic analysis and delivered structural parameters
of the star, e.g. logMenv/M∗ = -4.69±0.07, M∗ = 0.39±0.01 M⊙,
R/R⊙ = 0.133±0.001. TESS observed the star during Sector 47.
We detected five frequencies out of which four were previously
reported by Randall et al. (2007). Frequency f3 was not detected
before, however we measured it at S/N < 5 so it is only a tentative
detection. We show the amplitude spectrum calculated from all
data in Fig. 2, and we list the prewhitened frequencies in Table 3.

TIC 60985176 (BI Ari) is a known sdOB pulsator. It was orig-
inally classified as an sdB-O by Green et al. (1986). Koen et al.
(2004) constrained the classification to sdB with a G0V – G2V
companion and reported a discovery of one p-mode with a pe-
riod near 164 s. Reed et al. (2006) confirmed this period and de-
tected another five. Our fit to a spectrum taken with the NOT
in 2022 gives Teff = 35 488(272) K, log(g/cm s−2) = 5.49(5) and
log(n(He)/n(H)) = -1.74(9), and we classified the star as an
sdOB. We did the fit assuming the object is a single star. TESS
observed the star during Sectors 42 and 43 and we detected three

frequencies, the same one as reported by Koen et al. (2004)
and later by Reed et al. (2006), which continues to be the
highest-amplitude pulsation in this star. The other two frequen-
cies should be considered tentative. Our f2 (8353.72µHz) is
8.37µHzaway from Reed et al. (2006)’s f2 (8362.09µHz) and
our very high-frequency f3 (15350.16µHz) is near-to twice Reed
et al. (2006)’s f3 if the latter is off by a daily alias, which could be
expected from single-site ground-based data. While Reed et al.
(2006) also used 20 s integrations, they did not investigate past
10 000µHz. We show the amplitude spectrum in Fig. 2, and list
the prewhitened frequencies in Table 3.

TIC 63168679 (Gaia DR3 675213084211549696) is a new
sdOB pulsator. The star was classified as an sdOB by Lei et al.
(2020). TESS observed the star during Sectors 44 and 46 from
which we detected 10 frequencies. We show the amplitude spec-
trum in Fig. 2, and list the prewhitened frequencies in Table 3.
We detect possible multiplets around 6660 and 7340µHz. The
frequency spacing between f1 and f3 is comparable to the one
between f7 and f8. However, f2 is not located equidistant from f1
and f3. If this is a triplet it is very asymmetric. Higher frequency
resolution is required to make a definite statement whether these
are multiplets but if confirmed, the rotation period would be
around 10.5 days.

TIC 68495594 (HD 265435) is a known sdOB pulsator. This
star has been extensively studied prior to our analysis by Pelisoli
et al. (2021) and Jayaraman et al. (2022). Our fit to a spec-
trum taken with the NOT in 2018 gives Teff = 33 253(137) K,
log(g/cm s−2) = 5.45(2) and log(n(He)/n(H)) = -1.40(5); the ex-
posure time of 150 seconds is short compared to the 1.65 hr or-
bital period, implying minimal effects of orbital line broadening.
TESS observed the star during Sectors 44, 45 and 60. The latter
authors analyzed only the first two sectors mentioned, while data
collected during Sector 60 were not analyzed by them. We show
an amplitude spectrum for that sector in Fig. 2. It does not vary
from the previous sectors significantly and we decided not to
present any solution in Table 3. Since the star shows tidally tilted
pulsations we expect some modes can come and go with time,
however the overall picture will not change. Sector 60’s data set
can surely be a useful check on the model presented by Jayara-
man et al. (2022), however that is beyond the scope of this paper.

TIC 82359147 (PG 1657+416) is a known sdB pulsator. It was
classified as an sdB star by Green et al. (1986). Oreiro et al.
(2007) confirmed the spectral classification, detected a signa-
ture of a G5 companion, and discovered high frequency sig-
nals. TESS observed the star during Sectors 51 and 52. We de-
tected two frequencies, both previously reported by Oreiro et al.
(2007). We show the amplitude spectrum in Fig. A.2, and list the
prewhitened frequencies in Table 3.

TIC 88484868 (FBS 0658+627) is a new sdB pulsator.
Németh et al. (2012) classified the star as an sdB. TESS observed
it during Sectors 47 and 60. Since these two sectors are too far
apart in time, we decided not to merge data for a Fourier analysis.
We detected 12 and 17 frequencies, in both the g- and p-mode
regions, in Sector 47 and 60, respectively. Although the p-mode
frequencies are amplitude dominant, we detected more frequen-
cies in the g-mode region. While the amplitudes change between
sectors, most of the frequencies are detected in both sectors. f1–
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f9 from Sector 47 are recovered in Sector 60, but surprisingly, the
frequencies of the highest-amplitude three near 2745µHz are dif-
ferent with the dominant amplitude nearly doubling in Sector 60.
These three frequencies may also be a rotationally split triplet,
but the frequency splitting is not symmetric and it changes be-
tween sectors, making this interpretation less likely. We show
the amplitude spectrum for Sector 60 data in Fig. A.2, and list
the prewhitened frequencies in Table 3.

TIC 88565376 (DW Lyn) is a known sdB pulsator. It was clas-
sified as an sdB, based on spectroscopic parameters derivation,
by Dreizler et al. (2002). The authors detected periodic flux vari-
ations and interpreted them by stellar pulsations. The pulsation
periods were estimated around 363 and 382 s. Later, Schuh et al.
(2006) collected additional data and confirmed the two periods
reported by Dreizler et al. (2002) and discovered a new one in the
g-mode region. The authors explained this newly detected signal
as stellar pulsation, making it the first known hybrid sdBV star.
TESS observed the star during Sectors 47 and 60. We only de-
tect the two p-mode frequencies reported in previous papers. We
show the amplitude spectrum calculated from Sector 47 data in
Fig. A.2, and we list the prewhitened frequencies in Table 3. We
did not detect the low frequency signal, although if its amplitude
remained fairly constant over time, it would be clearly detected
in our analysis. In fact, the p-mode amplitudes of Sector 60 are
nearly the same as reported by Schuh et al. (2006) for 2004 data.
Therefore, we might expect the g-mode amplitude to be roughly
preserved, though it appears it has not.

TIC 90960668 (V585 Peg, Balloon 090100001) is a known
sdB pulsator. This star has been extensively studied prior to our
analysis by Oreiro et al. (2004); Baran et al. (2009); Telting &
Østensen (2006); Van Grootel et al. (2008b) and others. TESS
observed the star during Sector 56. These data are published by
Reed et al. (2023) and hence we only show the amplitude spec-
trum in Fig. A.2 and refer readers to the latter paper for details
on results of TESS data.

TIC 114196505 (Gaia DR3 4187241720861658624) is a new
sdB pulsator. Our fit to a spectrum taken with the NOT in
2022 gives Teff = 27 594(442) K, log(g/cm s−2) = 5.30(6) and
log(n(He)/n(H)) = -2.99(19), and we classified the star as an sdB.
TESS observed the star during Sector 54. We detect two frequen-
cies, which we list in Table 3 and show the amplitude spectrum
in Fig. A.2. The frequency in the g-mode region has low S/N and
should be confirmed.

TIC 136975077 (V2203 Cyg) is a known sdB pulsator. It was
classified as an sdB by Downes (1986). Billères et al. (1998) de-
rived an independent estimate of spectroscopic parameters and
confirmed the sdB type and detected five pulsation frequencies
in photometry. Koen (1998a) re-observed the star and increased
the number of detected frequencies to seven. Jeffery & Pollacco
(2000) used spectroscopic data to measure radial velocities of
pulsations and detected two frequencies that were previously re-
ported from both photometric analyses. Zhou et al. (2006) ana-
lyzed multi-site photometric data and detected six out of seven
frequencies reported by Koen (1998a). The missing one was the
lowest amplitude frequency in Koen (1998a)’s analysis. TESS
observed the star during Sectors 55 and 56. We detected seven
frequencies. We show the amplitude spectrum in Fig. A.2, and

we list the prewhitened frequencies in Table 3. Comparing our
detection with the one presented by Koen (1998a), there is a
difference in detecting close frequencies. Koen (1998a) found
two close frequencies at 5413µHz, while we found only one in
that region. On the other hand we found an additional frequency
close to the highest amplitude one, f2 and f1, respectively. We
stress, however, that the frequency spacing between these two
peaks is comparable to the resolution, so f2 may just be a resid-
ual signal caused by unstable frequency/amplitude of f1. Our de-
tection of seven frequencies with an amplitude order very similar
to that reported more than 20 years ago, means that the pulsation
mechanism remained stable in this star.

TIC 137502282 (FBS 0844+792) is a new sdOB pul-
sator. Our fit to a spectrum taken with the INT in
2019 gives Teff = 34 259(267) K, log(g/cm s−2) = 5.79(5) and
log(n(He)/n(H)) = -1.31(7), indicating an sdOB classification.
TESS observed the star during Sectors 40, 47, 53 and 60. We
detect the same two frequencies of comparable amplitudes in all
sectors. While the frequencies remain significant in all four sec-
tors, the amplitude varies significantly i.e. 2.1, 3.01, 1.47 and
3.59 ppt, 3.76, 3.32, 3.66 and 3.91 ppt, for Sectors, 40, 47, 53,
60 and the lower and higher frequencies, respectively. Since
merging all data together leads to a complex window function
without detecting additional pulsations, we only present results
from Sector 60 data analysis. We show the amplitude spectrum
in Fig. A.2, and list the prewhitened frequencies in Table 3.

TIC 138618727 (KL UMa, Feige 48) is a known and well-
studied sdB pulsator. Graham (1970) was the first who clas-
sified it as an sdB star. Spectroscopic estimates were reported
by Koen et al. (1998b) who confirmed an sdB type, and dis-
covered five frequencies associated with short-period pulsations
modes. Reed et al. (2004) collected multi-site and multi-year
photometry and reported five frequencies although some were
daily aliases away from those reported by Koen et al. (1998b).
Reed et al. (2004) presumed three of the frequencies formed
an asymmetric triplet and predicted a rotation period which
was subsequently found to match a binary period with a white
dwarf companion discovered by O’Toole et al. (2004). Reed
et al. (2004) also examined pulsation stability, deriving an up-
per limit evolutionary scale of Ṗ /P = 4.9 ± 5.3 × 17−16s−1.
Charpinet et al. (2005a) reported four frequencies and their re-
sults of period fitting, which provided physical parameters of
the star, e.g. logMenv/M∗ = -2.97±0.09, M∗ = 0.460±0.008 M⊙,
R/R⊙ = 0.2147±0.0034. Van Grootel et al. (2008a) tested a spin-
orbit synchronism and concluded that KL UMa rotates as a solid
body in a tidally locked system. Subsequently, Reed et al. (2012)
obtained time-resolved spectroscopy and additional photometry,
which slightly shortened the binary period to 0.342(8) d, making
the rotation (0.418 d) slightly subsynchronous. TESS observed
the star in Sectors 41 and 48. The amplitude spectra in each sec-
tor do not contain the exactly the same signal and we decided
not to merge data from both sectors. We show the amplitude
spectrum for Sector 41 data in Fig. A.3, and list the prewhitened
frequencies in Table 3. We detect two low-frequency signals,
which we interpret as a binary frequency and its harmonic. With
TESS’s precision, the orbital solution derived from combined
two sectors becomes 0.3436074(8) d in agreement with the Reed
et al. (2012) value. These signals are the first detection of the
binary signal in photometric data. In addition, we detected seven
and six high-frequency signals, in Sector 41 and 48, respectively.
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Frequency f3 detected in the former data set is not significant in
the latter one. Frequency 2877.16µHz seems to be accompanied
by two low amplitude sidelobe frequencies, one on each side.
The frequency spacing is not equal on both sides so it does not
call for a rotationally split modes, although the lower-frequency
signal is spaced twice as much as the higher-frequency signal. It
is still possible the three frequencies are part of a quintuplet with
a frequency splitting of 1.5µHz. This would lead to a rotation
period of 7.7 d, which is not consistent with previous conclu-
sions.

TIC 142398823 (PG 1315+645) is a new sdOB pulsator. It was
classified as an sdOB+MS by Geier et al. (2017). TESS observed
the star during Sectors 41, 48 and 49. The window function of
the combined data is very complex, which prohibits a unique
frequency selection for prewhitening. Therefore, we decided to
use only combined Sectors 48 and 49 and we detected two fre-
quencies. We show the amplitude spectrum in Fig. A.3, and list
the prewhitened frequencies in Table 3.

TIC 159644241 (KIC 10139564) is a known sdB pulsator. It
was classified as an sdB star by Østensen et al. (2010b) and ex-
tensively observed during the Kepler mission. Those data were
extensively studied (Kawaler et al. 2010; Baran et al. 2012;
Baran & Østensen 2013; Zong et al. 2016), making it proba-
bly the best-solved p-mode sdBV star and we refer readers to
those papers which contain substantial analyses. TESS observed
the star during Sectors 40, 41, 54 and 55. We detected three fre-
quencies, two in the previously identified triplet, i.e f33 and f35
listed by Baran et al. (2012) and one identified as a singlet, i.e.
f18. We show the amplitude spectrum in Fig. A.3, and list the
prewhitened frequencies in Table 3.

TIC 165312944 (KY UMa) is a known sdB pulsator. Based
on spectroscopic parameters Koen et al. (1999) classified it as
an sdB star. The authors also reported four pulsation periods.
Charpinet et al. (2005b) detected nine frequencies, including
four reported by Koen et al. (1999) and derived structural pa-
rameters of the star using asteroseismology, e.g. logMenv/M∗ = -
4.254±0.147, M∗ = 0.457±0.012 M⊙, R/R⊙ = 0.1397±0.0028.
Reed et al. (2009) obtained time-resolved spectroscopy, detected
four previously known frequencies and low-amplitude occa-
sional transients. They inferred temperature and gravity changes
for the four main frequencies. TESS observed the star during
Sectors 48 and 49. We detected nine frequencies including four
main ones, originally reported by Koen et al. (1999). The am-
plitudes vary over time and during TESS monitoring a signal at
7490µHz became the highest amplitude one. In fact, this signal
seems to be split into three components separated slightly asym-
metrically by 0.74 and 0.69µHz. If the signal was a rotationally
split mode the average rotation period would equal 16.3 d. We
do not see other peaks indicative of multiplets. We show the am-
plitude spectrum for Sector 48 and 49 data in Fig. A.3, and list
the prewhitened frequencies in Table 3.

TIC 166054500 (PG 1409+605) is a new sdB pulsator. Green
et al. (1986) classified it as an sdB-O. Geier et al. (2017) derived
an sdOB classification and a hint of a main sequence companion.
Based on a spectrum taken with the NOT in 2022 we derived an
sdB+F classification but the quality of the spectrum is not suf-
ficient to derive a reliable spectroscopic fit. TESS observed the

star during Sectors 48 and 49. We detected only one frequency,
which we list in Table 2, while we showed the amplitude spec-
trum in Fig. A.3.

TIC 175402069 (NY Vir, PG 1336−018) is a known sdB pul-
sator. The star was found to be an eclipsing binary of an HW Vir
type with a pulsating sdB primary by Kilkenny et al. (1998).
The authors reported 0.1 d orbital period and two short period
flux variations associated with stellar pulsations. The system
became a subject of very intense investigation ever since. The
analysis commonly undertaken was related to eclipse timings
to search for additional companions to the system, and what is
more essential with respect to this paper, the asteroseismic inves-
tigation to derive structural properties of the primary. Kilkenny
et al. (2003) reported a list of 28 pulsation periods detected
in photometric data collected during a multi-site campaign and
Reed et al. (2002) found the first evidence for tidally-tipped
pulsations for an sdBV star, aligning and precessing with the
companion. Charpinet et al. (2008) used the Kilkenny et al.
(2003) list for an asteroseismic analysis and derived param-
eters of the primary sdB star, e.g. logMenv/M∗ = -4.54±0.07,
M∗ = 0.459±0.005 M⊙, R/R⊙ = 0.151±0.001. TESS observed
the star during Sectors 46 and 50. The data were first cleaned of
the binary flux variation. The amplitude spectra calculated from
both sectors are different and we decided not to merge both data
sets together. We detected 11 and 12 frequencies in Sector 46
and 50, respectively. We skipped signals at an orbital frequency
from the highest amplitude frequency. We considered these sig-
nals to be artifacts caused by a pulsation phase change during
eclipses. Four frequencies were not reported before, i.e. f1, f4,
f8, and f2, f7 in Sector 46 and 50, respectively. Frequencies f4
and f7 should be confirmed with more precise data. We show the
amplitude spectrum for Sector 46 data in Fig. A.3, and list the
prewhitened frequencies in Table 3.

TIC 178081355 (FBS 0315+417) is a new sdOB pulsator. It
was classified as an sdOB by Geier et al. (2017). TESS ob-
served the star during Sector 58. We detected three frequen-
cies. We show the amplitude spectrum in Fig. A.3, and list the
prewhitened frequencies in Table 3.

TIC 191442416 (V429 And) is a known sdB pulsator. It was
classified as an sdB star by Østensen et al. (2001a). The authors
reported a detection of four pulsation periods. Reed et al. (2007a)
collected new photometry and detected 14 frequencies. TESS
observed the star during Sector 57. We detected two frequencies,
both already reported by Reed et al. (2007a). We show the ampli-
tude spectrum in Fig. A.4, and list the prewhitened frequencies
in Table 3.

TIC 202354658 (PG 1544+601) is a new sdB pulsator. It was
identified as an sdB star by Green et al. (1986). TESS ob-
served the star during Sectors 48 – 51 and 58. Since Sector 58
data are several months apart from the bulk of continuous data,
and this stand alone data set does not allow for detecting ad-
ditional frequencies, we decided to analyze only data collected
during Sectors 48 – 51. We detected eight frequencies. We show
the amplitude spectrum for Sector 48 – 51 data in Fig. A.4, and
list the prewhitened frequencies in Table 3. The amplitude spec-
trum looks quite interesting. It contains two high amplitude fre-
quencies, f2 and f5. The higher one, f5, is surrounded by two
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nearby frequencies spaced by 0.67µHz, on average. If this is
the rotationally split triplet, the rotation period is 17.3 d. In addi-
tion, both frequencies f2 and f5 are surrounded by low amplitude
frequencies spaced exactly by 2.09µHz. This frequency spac-
ing would give 5.5 d rotation period. However, we lean towards
interpreting the latter period as an orbital period. We do not de-
tect any signal at 2.09µHz, which would confirm our hunch, so
follow-up spectroscopic velocities would be required to deter-
mine if this star is a binary.

TIC 207440586 (LM Dra) is a known sdOB pulsator. It was
classified as an sdB by Green et al. (1986). Our fit to a spec-
trum taken with the NOT in 2022 gives Teff = 34 037(132) K,
log(g/cm s−2) = 5.72(3) and log(n(He)/n(H)) = -1.58(7), and we
classified the star as an sdOB. Silvotti et al. (2000) reported a
detection of two pulsation periods. Reed et al. (2007b) analyzed
an extended coverage photometric data and reported six frequen-
cies. TESS observed the star during Sectors 49 – 52 and 56. The
pulsations are very unstable in this star and merging all data to-
gether makes prewhitening very challenging. We decided to an-
alyze only Sector 56 since they are described with a significantly
lower noise level and allow for detection of all signals that are
present in each sector data set but with higher S/N. We detected
three frequencies, all of them previously reported by Reed et al.
(2007b). We show the amplitude spectrum for Sector 56 data in
Fig. A.4, and list the prewhitened frequencies in Table 3.

TIC 219492314 (V1078 Her) is a known sdOB pulsator. It was
classified as an sdOA by Green et al. (1986), while as an sdO by
Wegner & Dupuis (1993). Lei et al. (2019a) identified the star as
an sdOB. Kuassivi et al. (2005) detected one pulsation mode at
the surface. TESS observed the star during Sectors 51 and 52. We
detected only one frequency, which is the same one as reported
by Kuassivi et al. (2005). We show the amplitude spectrum in
Fig. A.4, and list the prewhitened frequencies in Table 3.

TIC 240868270 (GD 274) is a new sdOB pulsator. For a long
time it was considered to be a white dwarf candidate until Lei
et al. (2023) classified the star as an sdOB+F9.5VI system. TESS
observed the star during Sector 58. We detect five high frequen-
cies associated with stellar pulsations and three low frequencies
likely related to the binary flux variation. The latter variation is
highly non-sinusoidal and three frequencies are not linear com-
binations, including harmonics. We denoted them with upper
case letters. We show the amplitude spectrum in Fig. A.4, and
list the prewhitened frequencies in Table 3.

TIC 266013993 (PG 0048+091) is a known sdB pulsator.
Koen et al. (2004) classified the star as an sdB and reported a flux
variability interpreted as stellar pulsations. Reed et al. (2007b)
listed 28 frequencies noting that the amplitude spectrum is very
variable. PG 0048+091 was observed as part of the K2 mission
(Reed et al. 2019) and we refer the reader to that paper as the
most complete study. TESS observed it during Sectors 42 and 43
and we detect four frequencies with well defined profiles indi-
cating they are amplitude/frequency stable during TESS’s two
month coverage. We find frequencies in the list presented by
Reed et al. (2007b) within a few µHz. We show the amplitude
spectrum in Fig. A.4, and list the prewhitened frequencies in Ta-
ble 3.

TIC 273255412 (GALEX J201337.6+092801) is a known sdB
pulsator. It was classified as an sdB and a flux variability inter-
preted as stellar pulsations was discovered by Østensen et al.
(2011). The authors listed 16 frequencies. TESS observed the
star during Sector 54. We detect 26 frequencies, however the
profiles of peaks are complex, which means that the frequen-
cies/amplitudes are not stable or there are unresolved multiplets.
Compared with the list presented by Østensen et al. (2011) we
confirm eight frequencies, four are within a few µHz, while an-
other four were not detected before. Frequency f1 was not de-
tected before and if it is a pulsation frequency it can be asso-
ciated with gravity modes, which would make the star a hybrid
pulsator. We show the amplitude spectrum in Fig. A.4, and list
the prewhitened frequencies in Table 3.

TIC 284692897 (V2214 Cyg, KPD 1930+2752) is a known
sdB pulsator. It was classified as an sdB by Downes (1986).
Billéres et al. (2000) reported 44 pulsation frequencies and an
ellipsoidal variation in the sdB+WD binary system. Maxted
et al. (2000) concluded that the star is a good candidate for
the progenitor of a Type Ia supernova of this type, which
will merge on an astrophysically interesting timescale. Reed
et al. (2011) analyzed multisite photometric data and reported
68 frequencies and additional 13 suspected frequencies. They
also reported tidally-tipped pulsations as well as binary-phase-
dependent pulsations produced by tidal forces. Our fit to a spec-
trum taken with the NOT in 2022 gives Teff = 34 594(236) K,
log(g/cm s−2) = 5.53(5) and log(n(He)/n(H)) = -1.61(8), and we
classified the star as an sdB. TESS observed the star during Sec-
tors 40, 41 and 54. We merged and analyzed only the consecutive
Sectors 40 and 41 data. We detect 14 pulsation frequencies and
two related to binarity. For an ellipsoidal variable the dominant
amplitude frequency is half the orbital period. All but four pul-
sation frequencies were reported by Reed et al. (2011). The new
frequencies are f5, f7, f13 and f14. We show the amplitude spec-
trum for Sectors 40 and 41 in Fig. A.5, and list the prewhitened
frequencies in Table 3.

TIC 309807601 (PG 1455+501) is a new sdB pulsator. It was
classified as an sdB by Green et al. (1986), while Geier et al.
(2017) reported an sdB+F2 classification. TESS observed the
star during Sectors 49 and 50. We detect two high frequen-
cies. We show the amplitude spectrum in Fig. A.5, and list the
prewhitened frequencies in Table 3.

TIC 310937915 (EP Psc) is a known sdOB pulsator. It was
classified as an sdB by Green et al. (1986). Silvotti et al.
(2002a) derived spectroscopic parameters that indicate an sdOB
type and they reported the discovery of three pulsation pe-
riods. Our fit to the average of 10 spectra taken with the
NOT gives Teff = 34 465(131) K, log(g/cm s−2) = 5.74(2) and
log(n(He)/n(H)) = -1.67(5). TESS observed the star during Sec-
tor 42. We detected only one frequency, which was the high-
est amplitude one reported by Silvotti et al. (2002a). We show
the amplitude spectrum in Fig. A.5, and list the prewhitened fre-
quency in Table 3.

TIC 355754830 (GALEX J063952.0+515658) is a known sdB
pulsator. It was classified as an sdB by Németh et al. (2012).
Vučković et al. (2012) reported the results of an analysis of
multi-site photometric data and reported a signal in both high
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and low frequency regions, making it a hybrid pulsator. TESS
observed the star during Sector 60. We detect 14 frequencies,
four and 10, in the low and high frequency regions, respectively,
confirming it as a hybrid pulsator. We stress that some of the fre-
quencies around the highest amplitude frequency may be resid-
uals of amplitude/phase instability and not independent frequen-
cies. We show the amplitude spectrum in Fig. A.5, and list the
prewhitened frequencies in Table 3.

TIC 357232133 (GALEX J074149.0+552451) is a new sdOB
pulsator. It was classified as an sdB by Németh et al. (2012) and
reclassified as an sdOB by Geier et al. (2017). TESS observed
the star during Sectors 47 and 60. To avoid a complex window
function we analyzed Sector 47 data only. We detect four fre-
quencies. We show the amplitude spectrum for Sector 47 data in
Fig. A.5, and list the prewhitened frequencies in Table 3.

TIC 364966239 (Gaia DR3 2235556213015091456) is a new
sdOB pulsator. Our fit to a spectrum taken with the NOT
in 2019 gives Teff = 33 587(241) K, log(g/cm s−2) = 5.70(5) and
log(n(He)/n(H)) = -1.50(7), and we classified the star as an
sdOB. TESS observed the star during Sectors 41, 47, 54 – 57
and 60. To avoid complex peak profiles and difficulties with
prewhitening, we combined and analyzed Sectors 54 – 57 and
60. We detect four frequencies, with three of them indicating
a rotationally split triplet. The average frequency splitting indi-
cates a rotation period of 20.141(21) d. We show the amplitude
spectrum for Sectors 54 – 57 and 60 data in Fig. A.5, and list the
prewhitened frequencies in Table 3.

TIC 397595169 (V391 Peg) is a known sdB pulsator. It was
found to be a pulsator and classified as an sdB by Østensen
et al. (2001b). The authors reported one high frequency. Sil-
votti et al. (2002b) analyzed multi-site photometric data and de-
tected five frequencies. Pulsation frequencies were used by Sil-
votti et al. (2007) to infer the presence of a planet orbiting the
sdB star, however its presence is now uncertain (Silvotti et al.
2018). TESS observed the star during Sector 56. We detect two
frequencies, which were found to be the two highest in Silvotti
et al. (2002b). We show the amplitude spectrum in Fig. A.5, and
list the prewhitened frequencies in Table 3.

TIC 424720852 (GALEX J193832.5+560944) is a known sdB
pulsator. Holdsworth et al. (2017) derived spectroscopic param-
eters and classified the star as an sdB. They detected one short
period and interpreted it as a stellar pulsation. TESS observed
the star during Sectors 40, 41, 50, 54 – 57 and 60. We split all
data into two subsets that we analyzed separately. The first one
includes the first two sectors, while the second one contains the
remaining data sectors. We detect signals in both low and high
frequency regions. In the former we found one and five frequen-
cies in the first and second subsets, respectively. In the latter we
found eight frequencies in both subsets. We show the amplitude
spectrum calculated from Sectors 50, 54 – 57 and 60, in Fig. A.6,
and list the prewhitened frequencies in Table 3.

TIC 441725813 (Gaia DR3 1655107708129775744) is a new
sdB pulsator. Our fit to a spectrum taken with the NOT in
2017 gives Teff = 27 204(141) K, log(g/cm s−2) = 5.37(2) and
log(n(He)/n(H)) = -2.93(5), and we classified the star as an sdB.
TESS observed the star during Sectors 40, 41, 47 – 52 and 55 –

60. The amplitude spectrum is very rich in frequencies in the
low frequency region. It makes the star a g-mode-dominated sdB
pulsator. To avoid a complex window function we separated all
data into three subsets to make them continuous in coverage. The
most signals exist in the subset of Sectors 55 – 60 data. The other
subsets do not show any additional signals. We are aware that
merging all data together would lower the noise level in an am-
plitude spectrum the most, however unstable pulsation modes
contribute with residuals too strongly and no extra frequencies
around the dominant signals can be conveniently detected. In
addition, we only prewhitened signals above 2300µHz, which
can be associated with pressure modes. Frequencies in the low
frequency region need individual analysis, which is beyond the
scope of this work. We detect 14 frequencies that we associated
with pressure modes. The most noticeable signal appears around
2769µHz. There are three frequencies symmetrically spaced,
which we interpret as rotationally split modes, suggesting a ro-
tation period of 17.188(18) d. We show the amplitude spectrum
for Sectors 55 – 60 data in Fig. A.6, and list the prewhitened fre-
quencies in Table 3.

TIC 471015194 (Gaia DR3 2238354611842566912) is a
known sdB pulsator. Prins et al. (2019) reported a dis-
covery of a frequency at 5789.6µHz. Our fit to a spec-
trum taken with the NOT in 2017 gives Teff = 33 150(592) K,
log(g/cm s−2) = 5.71(12) and log(n(He)/n(H)) = -2.93(44), and
we classified the star as an sdB. TESS observed the star dur-
ing Sectors 40, 41, 47, 50, 54 – 57 and 60 in which we detect five
frequencies. The highest amplitude frequency, f3, overlaps with
the one reported by Prins et al. (2019). We show the amplitude
spectrum in Fig. A.6, and list the prewhitened frequencies in Ta-
ble 3.
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Fig. 2. Amplitude spectra of targets observed in the USC mode. If sector is not specified, we included all USC data. Left panels: Frequency range
up to the Nyquist frequency. Right panels: Close-ups of the detected frequencies.
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5. Discussion

In the Northern Ecliptic hemisphere we found 35 sdB and 15
sdOB p-mode pulsating stars, including 27 (18 sdB and nine
sdOB) new pulsators. Overall, including the Southern Ecliptic
hemisphere, with TESS data we detect p-mode pulsations in 93
hot subdwarfs, including 67 sdB, 23 sdOB, two sdO and one He-
sdOB stars. Among the 48 new pulsators discovered with TESS,
we identified 35 sdB, 12 sdOB and one He-sdOB stars.

5.1. Detection of pulsating hot subdwarfs with TESS

As this paper completes a TESS survey of both hemispheres, it
is prudent to do a completeness study. However, such a study
has many complexities, including but not limited to that TESS
is a small-aperture telescope with large pixels and sdB stars tend
to be on the faint end of its detection capability. Pulsation am-
plitudes in sdBV stars also vary substantially between stars, and
often even within the same star over time (e.g. Kilkenny 2010).
The highest pulsation amplitude of stars in this paper varies from
under 1 to over 70 ppt, greatly affecting how bright the star
would need to be to have sufficient signal-to-noise to be detected
by TESS. Additionally, some stars are observed during multiple
sectors, which reduces the detection threshold. To do a proper,
statistically-significant determination would require an examina-
tion of all non-pulsators as well as the pulsators in this paper and
likely should also include the g-mode pulsators which we ex-
clude. Pixel decontamination from nearby stars and multi-sector
normalization would also need to be completed. That analysis
will be a future paper unto itself, but we will do a first-cut sim-
plification of detection likelihood.

Fig. 3. Tests of detection completeness. Bottom panel: Black circles
indicate single-sector detection limits of p-mode sdBV stars observed
by TESS. Green circles and red triangles are not detection limits, but
Amax for stars listed in Østensen et al. (2010a) that were observed by
TESS. The green circles indicate stars in which pulsations were de-
tected (amplitudes from TESS data), while red triangles indicate stars
in which pulsations were not detected by TESS, Østensen et al. (ampli-
tudes as listed in 2010a). Green arrows indicate the stars TIC 90960668
and TIC 88565376, which have amplitudes too high to appear in this fig-
ure. Top panel: Amax of p-mode sdBV stars (black triangles) detected
by TESS from low to high amplitude. The red lines indicate detection
limits for those magnitude ranges and what fraction of detected sdBV
stars would be undetected based on Amax.

This is done two ways. The first is to compare pulsation de-
tection thresholds with brightness to the pulsation amplitudes ac-
tually observed by TESS. As pulsation amplitudes are brightness
independent, the pulsations listed in these papers should be rep-
resentative of p mode sdBV pulsations in general. By compar-
ing the highest-amplitude pulsation for each star (Amax, as only
one pulsation needs to be detected to be considered a pulsator)
with magnitude-averaged detection limits, we can estimate what
fraction of pulsators would likely not be detected for a given
magnitude. The black dots in the bottom panel of Fig. 3 are the
5.5σ detection limits for each of the TESS-observed p-mode pul-
sators. As expected, thresholds increase for fainter stars and be-
yond G=15.25, the scatter is quite large. We calculate average
detection limits for the ranges 12-12.5 (0.385 ppt), 14-14.5 (1.65
ppt), and 14.75-15.25 (3.08 ppt) and in the top panel of Fig. 3 we
compare that with Amax of each TESS-observed p-mode pul-
sator, accumulating from lowest to highest amplitude. To keep
the lower amplitudes visible, we cut off at the 90th percentile
(14 ppt). Red horizontal lines indicate the average detection limit
for the three brightness ranges from the bottom panel and ampli-
tudes below those lines indicate stars which would not likely be
detected as pulsators for that brightness limit. For single-sector
TESS observations, the lowest-amplitude 2% of our pulsators
would have been missed at magnitude 12-12.5, 9% at 14-14.5,
and 27% at 14.75-15.25.

A second simple exercise is to examine a set of p-mode pul-
sators known previous to TESS that were observed by TESS to
see if we found them as pulsators. For this exercise we used the
49 sdBV stars listed in Table 9 of Østensen et al. (2010a) of
which TESS observed 45. TESS detected 30 as pulsators, with
the TESS Amax for those stars indicated with green open circles
in the bottom panel of Fig. 3. TESS did not detect 14 stars and
their Amax, as listed in Østensen et al. (2010a), are indicated with
red triangles. 24 of 25 (96%) stars brighter than magnitude 15.25
were detected by TESS but only 6 of 19 (32%) fainter stars were
detected. The undetected star PG 1419+081, with V=14.9, has
an Amax of 7 ppt in Østensen et al. (2010a) and we find a TESS
detection threshold of 3.00 ppt, so clearly it should have been
detected were the pulsation amplitudes the same as in Østensen
et al. (2010a).

The results from the first of these simplistic tests indicate
that TESS likely missed some bright (G<15.25) p-mode sdB pul-
sators whereas the second test suggests incomplete detections
only for G>15.25. However, the ground-based Østensen et al.
(2010a) sample, which was observed for much shorter durations,
all had Amax ≥ 3 ppt. This is likely a selection effect of the
shorter-duration observations whereas our month-long TESS ob-
servations detect pulsators with Amax as low as 1 ppt. For both
tests, beyond G=15.25, TESS very likely misses pulsators and
we would suggest that even some bright ones were missed. A
more rigorous detection likelihood will be completed in an up-
coming paper.

5.2. Evolutionary status and instability strip

Fig. 4 shows the distribution, in the log g – Teff plane, of p-mode
and hybrid hot subdwarf pulsators monitored by TESS in both
the Southern and Northern Ecliptic hemispheres. Only stars with
reliable estimates of their atmospheric parameters from spec-
troscopy are represented (see Table 4). This sample allows us
to more densely map the instability region where p-mode pul-
sations are found and compare with evolutionary tracks and the-
oretical predictions from non-adiabatic pulsation calculations.
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Fig. 4. Distribution, in the surface gravity (log g) – effective tempera-
ture (Teff ) plane, of the hot subdwarf stars observed by TESS through-
out cycle 1 to 4 and showing p-mode pulsations. Pure p-mode pul-
sators (V361 Hya stars) are represented as blue dots and hybrid pul-
sators featuring also g-modes (DW Lyn stars) are shown as green dots.
Superimposed to this sample, the ZAEHB and TAEHB positions are
indicated for an assumed core mass of 0.47 M⊙ (black curves) and
0.55 M⊙ (grey curves), illustrating how the EHB location depends on
stellar mass. The models that materialize the EHB tracks are computed
with the STELUM code for the specified core mass and varying enve-
lope masses such as D(H)≡ log[Menv/(Mcore+Menv)] = -6.0, -5.0, -4.5,
-4.0, -3.5, -3.0, -2.75, -2.5, -2.25, -2.0, from high to low Teff . These
models incorporate in their envelope nonuniform iron abundance pro-
files derived from equilibrium between radiative levitation and gravita-
tional settling (see text for details). For comparison purposes, typical
0.47 M⊙ tracks assuming solar uniform envelope composition are also
represented (yellow curves; Charpinet et al. 2000; Dorman et al. 1993).
Dotted-line contours in the background represent the predicted number
of excited ℓ = 0 p-modes from non-adiabatic pulsation calculations
as a proxy of the κ-mechanism efficiency (Charpinet et al. 2001). The
three innermost contours (highlighted in red) materialize the region of
the log g – Teff plane where the driving of p-modes is the strongest.

In this diagram, the Zero Age and Terminal Age Extreme
Horizontal Branches (ZAEHB and TAEHB) are determined
from a set of static hot subdwarf models calculated with the
Montréal stellar structure code STELUM (Van Grootel et al.
2013). These models span the appropriate parameter range in
terms of central helium content and H-rich envelope mass to
cover the entire core helium burning phase (CHeB) and the rel-
evant part of the EHB where p-mode pulsators are located. This
is unlike many diagrams of the same kind found in the literature
showing tracks from standard evolutionary models. Here, we ex-
ploit the greater flexibility of static structures to illustrate various
factors that may affect the position of the theoretical EHB and
that are often overlooked.

A first factor is related to the actual composition of a hot sub-
dwarf envelope which is known to be affected by microscopic
diffusion, while standard evolution models usually assume a so-
lar homogeneous composition. Diffusion has an impact on the
EHB location because the sedimentation of helium and distribu-

tion of opaque elements (in particular those from the iron group)
significantly change the thermal structure of the stellar envelope
and consequently the surface parameters for a given envelope
mass. The trend can be seen in Fig. 4 by comparing the 0.47 M⊙
tracks derived from the STELUM models, which incorporate a
double layered H/He envelope with nonuniform iron-abundance
distributions from calculations of equilibrium between radiative
levitation and gravitational settling (see Charpinet et al. 1997
and Van Grootel et al. 2013 for details), with standard evolution
models of solar composition from Dorman et al. (1993). The dif-
ference between the two is a noticeable shift of the ZAEHB and
TAEHB towards lower surface gravities when microscopic dif-
fusion is included, actually providing a better match to the dis-
tribution of observed hot subdwarf stars.

A second factor that is generally overlooked is the influ-
ence of stellar mass. Most stars that form the EHB are ex-
pected to have the canonical mass of ∼0.47 M⊙, correspond-
ing to the critical value for helium ignition in degenerate condi-
tions (the so-called helium flash), since their progenitors on the
main-sequence are generally believed to be less than 2 M⊙ stars
evolving through the red giant phase. This expectation is indeed
mostly verified as the observed EHB appears as a rather homo-
geneous group that can be reasonably well reproduced, globally,
with models assuming the same core mass. Nevertheless, even
if the mass distribution of hot subdwarf stars is strongly peaked
at the canonical value (Fontaine et al. 2012), scatter around that
value is still expected that will lead to some fuzziness in the posi-
tion of the ZAEHB and TAEHB. In addition, some binary evolu-
tion channels that are also invoked in the formation of hot subd-
warfs – for instance, those involving the merger of two low-mass
helium white dwarfs – could lead to masses significantly dif-
ferent from the canonical value. The existence of non-canonical
massed sdB stars has indeed been suggested, either through as-
teroseismology (Randall et al. 2006; Fontaine et al. 2019) or
from the orbital analysis of close binaries (e.g. Schaffenroth et al.
2022). In order to illustrate the impact of stellar mass on the EHB
location, we also represented tracks computed with STELUM
for a core mass of 0.55 M⊙ in Fig. 4. These show an important
shift toward lower surface gravities and higher effective temper-
atures where post-EHB objects are usually expected when con-
sidering only tracks for the canonical mass. Clearly, this higher-
mass EHB can no longer account for the bulk of observed sdB
stars, indicating that massive hot subdwarfs must be quite rare.
However, it also shows that one cannot reliably assign an evo-
lutionary status to a given sdB star based on its position in the
log g – Teff plane, unless its mass is constrained through indepen-
dent means. Hence, among the pulsators that are clearly above
the 0.47 M⊙ TAEHB in Fig. 4, some are likely post-EHB stars,
but a few may instead be core helium burning (EHB) objects
with a higher mass.

The last information provided in Fig. 4 is the theoretical
mapping of the p-mode instability region as predicted by the
original calculations of Charpinet et al. (2001). This mapping
of the log g – Teff plane results from non-adiabatic pulsation cal-
culations applied to envelope models that incorporate the same
nonuniform iron profiles used in STELUM structures. It is well
established that the κ-mechanism involving predominantly iron
partial ionization in the Z-bump region and enhanced by radia-
tive levitation is responsible for the driving of acoustic pulsa-
tions in V361 Hya stars (Charpinet et al. 1996; Charpinet et al.
1997). The predicted number of radial (ℓ= 0) p-modes is used in
this context as a measure of the driving efficiency. Fig. 4 shows
that p-mode sdB pulsators clearly concentrate within the region
where the driving is predicted to be the strongest (roughly within
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Table 4. Spectroscopic estimates of pulsating hot subdwarfs reported here and in Paper I, for which we derived an acceptable spectroscopic fits.
Archive spectra were (re-)fit using the same model and method as described in Section 2.

TIC Teff σ log(g/cm s−2) σ log(n(He)/n(H)) σ Telescope Reference
968226 28 982 198 5.42 0.03 -3.15 0.09 NOT

4632676 33 589 210 5.57 0.04 -1.64 0.05 SDSS archive
16993518 32 194 187 5.37 0.04 -2.27 0.09 NOT
19690565 31 033 225 5.75 0.05 -3.12 0.15 NOT Baran et al. (2023)
26291471 34 376 106 5.76 0.02 -1.34 0.03 VLT archive
33318760 34 806 233 5.79 0.04 -1.68 0.06 NTT Randall et al. (2009)
47377536 35 149 251 5.78 0.04 -1.84 0.06 LAMOST archive
55753808 34 889 263 5.80 0.05 -1.80 0.06 LAMOST archive
56863037 31 940 220 5.77 0.03 -2.55 0.06 2.3mKP Randall et al. (2007)
62381958 35 779 352 5.76 0.03 -1.30 0.00 NTT archive
63168679 35 885 318 5.81 0.02 -1.60 0.03 LAMOST archive
68495594 33 253 137 5.45 0.02 -1.40 0.05 NOT
69298924 28 063 163 5.39 0.02 -2.97 0.06 NOT Baran et al. (2011)
70549283 33 879 178 5.70 0.04 -1.51 0.05 LAMOST archive
85145647 32 287 656 5.41 0.12 -3.03 0.39 INT
88484868 29 040 140 5.47 0.02 -2.85 0.06 INT archive
88565376 28 400 200 5.35 0.03 -2.7 0.03 3.5mCA Dreizler et al. (2002)
90960668 28 932 23 5.421 0.003 -2.721 0.003 NOT Østensen et al. (2007)
95752908 34 656 133 5.85 0.02 -1.31 0.03 NOT Holdsworth et al. (2017)

114196505 27 594 442 5.30 0.06 -2.99 0.19 NOT
136975077 31 800 600 5.76 0.05 -2.23 0.1 Keck Heber et al. (2000)
137502282 34 259 267 5.79 0.05 -1.31 0.07 INT
138618727 29 500 300 5.51 0.05 -2.93 0.05 Keck Heber et al. (2000)
139481265 31 720 529 5.81 0.05 -2.23 0.08 NOT Baran et al. (2023)
142200764 30 235 66 5.52 0.01 -2.84 0.04 VLT archive
154818961 28 330 281 5.29 0.04 -1.71 0.05 NOT
156618553 28 065 43 5.51 0.01 -2.45 0.02 VLT Vučković et al. (2014)
157141133 31 076 207 5.60 0.04 -2.97 0.16 INT
159644241 32 035 117 5.66 0.02 -2.13 0.04 NOT Baran et al. (2012)
165312944 33 570 88 5.80 0.01 -1.47 0.03 NOT Reed et al. (2009)
175402069 31 300 250 5.60 0.05 -2.93 0.05 VLT Vučković et al. (2007)
178081355 33 186 176 5.67 0.03 -1.77 0.03 SDSS archive
186484490 28 401 274 5.40 0.04 -2.90 0.09 LAMOST archive
191442416 32 400 700 5.70 0.10 -2.20 0.20 2.2mCA Østensen et al. (2001a)
199715319 28 144 310 5.32 0.04 -3.15 0.10 NOT
202354658 29 060 280 5.43 0.05 -3.44 0.26 NTT/4mKP Németh et al. (2012)
207440586 34 037 132 5.72 0.03 -1.58 0.07 NOT
219492314 34 575 299 5.75 0.06 -1.34 0.08 LAMOST archive
222892604 30 363 188 5.47 0.03 -3.08 0.13 NOT
248776104 32 891 205 5.52 0.04 -2.89 0.14 NOT
266013993 32 460 290 5.77 0.07 -2.33 0.11 NOT Reed et al. (2009)
273255412 33 108 140 5.21 0.02 -2.63 0.07 LAMOST archive
284692897 34 594 236 5.53 0.05 -1.61 0.08 NOT
310937915 34 465 131 5.74 0.02 -1.67 0.05 NOT
331656308 28 411 230 5.36 0.03 -2.95 0.11 NOT
355754830 30 750 250 5.70 0.08 -2.59 0.29 4mKP Vennes et al. (2011)
357232133 33 470 430 5.76 0.12 -1.93 0.17 NTT/4mKP Németh et al. (2012)
364966239 33 587 241 5.70 0.05 -1.50 0.07 NOT
366656123 31 331 140 5.56 0.03 -2.82 0.06 SDSS Baran et al. (2023)
392092589 27 654 280 5.40 0.04 -2.97 0.10 NOT
396954061 33 214 199 5.83 0.04 -1.57 0.04 NOT
397595169 29 300 200 5.40 0.03 -3.00 0.15 3.5mCA Østensen et al. (2001b)
424720852 28 311 149 5.40 0.03 -2.79 0.07 INT archive
436579904 31 360 240 5.57 0.04 -2.65 0.10 NOT Reed et al. (2020)
437043466 28 557 82 5.40 0.01 -3.07 0.02 NOT Baran et al. (2017)
441725813 27 204 141 5.37 0.02 -2.93 0.05 NOT
455095580 30 817 380 5.70 0.07 -2.60 0.16 NOT Baran et al. (2023)
471013461 28 551 548 5.39 0.08 -2.94 0.02 SOAR archive
471015194 33 150 592 5.71 0.12 -2.93 0.44 NOT
673345538 29 693 396 5.44 0.09 -2.72 0.21 LAMOST archive
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the three innermost contours), as one would expect, thus support-
ing that the identification of the main processes which drive os-
cillations in these stars is correct. The true extent of the p-mode
instability region remains uncertain, however. Predicted insta-
bilities (all contours) derived from the assumption of equilib-
rium between radiative levitation and gravitational settling cover
a wider region than the observed instability strip. Charpinet et al.
(2009) demonstrated that the strength of the driving engine is
predominantly determined by the amount of heavy metals (in
particular iron) present at the Z-bump location, irrelevant of the
composition in other parts of the envelope. The extent of the in-
stability region is therefore sensitive to the precise amount of
heavy metals that can accumulate in that region of the stellar
envelope, which is likely modulated by various competing mix-
ing processes that were not all included in the aforementioned
calculations (e.g., stellar winds, thermohaline mixing; Théado
et al. 2009; Hu et al. 2011). The fact that the observed insta-
bility strip is narrower than the predicted one indeed pleads for
competing processes that slow down or reduce the efficiency of
radiative levitation, the diffusive equilibrium assumption provid-
ing an upper limit for the amount of levitating heavy metals. It
is also possible that other opaque elements such as nickel play
a role in shaping the instability region, although Jeffery & Saio
(2006a,b, 2007) showed that nickel at least had little impact on
the p-mode instability strip location, unlike for the g-modes.

Overall, Fig. 4 reveals that the distribution of p-mode pul-
sators is compatible with the canonical ∼0.47 M⊙ EHB cover-
ing all stages of the core helium burning phase, from the ZA-
EHB to TAEHB. The eight sdB pulsators located well above
the TAEHB could be either in a post-EHB, helium shell burning
stage or, as discussed above, higher mass sdB stars. The num-
bers involved, eight versus 60 objects for the main group (i.e. a
fraction of one out of eight stars) suggests that higher mass sdBs
likely dominate the sample since respective evolution timescales
on the EHB and post-EHB would imply a fraction closer to one
out of ∼30. Hence, statistically speaking (with all due caution
when small numbers are involved), among the eight outliers only
two should be post-EHB stars and six hot subdwarfs with signif-
icantly higher masses.

Another interesting observation is the concentration of the
coolest pulsators near the TAEHB, or equivalently a complete
lack of them in earlier stages, closer to the ZAEHB. Considering
the size of the sample, we estimate that this trend is real. It could
be naturally explained by the fact that, at effective temperatures
around 29 000 K, the intersection of the region of strongest driv-
ing efficiency occurs near the TAEHB and does not cover the ear-
lier stages, contrary to the hotter regions located around 34 000
K where most V361 Hya stars are found. Interestingly, a similar
trend, although less obvious, may exist for the hottest pulsators,
above ∼34 000 K. If that was to be confirmed, the argument of
the driving efficiency as mapped in Fig. 4 would not hold. A
potential culprit could then be the growing influence of stellar
winds that become more proficient at higher effective temper-
atures and that could slow down the microscopic diffusion of
elements and the onset of favorable conditions for the pulsations
to develop. This being posited, we refrain from speculating fur-
ther on this issue until the reality of the deficit of hot pulsators
close to the ZAEHB is confirmed.

5.3. Pulsation periods vs Teff and log g

Charpinet et al. (2002) presented the pulsation period of p-modes
as functions of Teff and log g. In their Fig. 9, they presented re-
sults for radial (ℓ= 0) and non-radial (ℓ= 1,2,3) modes of radial

Fig. 5. Pulsation periods with the highest amplitudes in function of Teff .
Black dots represent USC stars, open red boxes represent SC stars, a
horizontal dotted line is the Nyquist period, and the solid sloped line is
a fit to the USC stars.

Fig. 6. Same as in Fig. 5 but in function of log g.

orders k = 0,1 and 10. Pulsation periods of radial modes do not
depend much on Teff while they are strongly and monotonically
affected by log g. For non-radial modes both the temperature and
gravity can influence the pulsation periods. These change more
rapidly with temperature for low radial order cases, and with sur-
face gravity for higher radial order cases. Modal degree does not
influence pulsation periods significantly.

Making such an observational plot would have two benefits.
Firstly, for a given mode geometry, we can independently derive
the effective temperature and/or surface gravity based on a pulsa-
tion period. Secondly, if both spectroscopic and period estimates
are available, we can test structural models. To compare theoret-
ical and observational counterparts we assume that the frequen-
cies we plot represent the same modal degree and radial order,
or that their differences do not significantly change the picture
shown in Fig. 9 of Charpinet et al. (2002).

Observational counterpart of pulsation periods in function of
Teff was reported by e.g. Reed et al. (2023) who noted an obser-
vational correlation between Teff and the period of the highest-
amplitude pulsation (shown in their Figure 11, which was a mod-
ified version from Reed et al. (2021). They examined both p-
and g-mode hot subdwarf pulsators, though their sample was
heavily dominated by the latter group. Since our work is fo-
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cused on p-mode pulsators we have significantly updated this
figure in the short period range and we also plotted pulsation pe-
riods as a function of log g. We obtained reliable estimates of
Teff and log g for 41 USC and 16 SC stars, which is 61% of the
p-mode pulsators reported in both Paper I and this paper. This
large sample allows us to make a more detailed analysis of the
relationship between the period of the highest amplitude (noted
as Period(Amax) in our figures) and Teff /log g.

As mentioned in Section 4 we can uniquely identify the fre-
quencies only in the USC data (except for TIC 220573709).
Therefore, we used only USC stars with reliable spectroscopic
estimates and plotted pulsation periods as functions of Teff and
log g in Figs. 5 and 6. We used pulsation periods with the highest
amplitudes, which are not necessarily of the same modal degree
and radial order, as presented by Charpinet et al. (2002) in their
Fig. 9. According to the surface cancellation effect, it is more
likely to detect low degree modes, hence we expect those high-
est amplitude frequencies will likely be assigned with either ℓ= 0
or 1. The radial order remains unconstrained. Another caveat of
our analysis is that the periods having the highest amplitudes can
change with time. Depending on which data set is used, a pul-
sation period shown in Figs. 5 and 6 may not be unique. How-
ever, the range of highest-amplitude p-mode pulsation periods in
a single star typically does not vary by more than 50 s for pulsa-
tions around 3500µHz and decreases toward higher frequencies.
Therefore, our selection of periods with the highest amplitudes
should not significantly blur the picture in those two figures.

There are noticeable trends in both diagrams, which look
more or less linear. However there is significant scatter so it may
also be slightly curved/wiggled. Given the scatter in our dia-
grams we are not able to discern between linear and nonlinear
trends plotted in Fig. 9 of Charpinet et al. (2002). We fitted lines
to both data sets. Then we added SC stars to see if our sub-/super-
Nyquist choices match the trends in the diagrams. The majority
of SC stars go along the trend, but we found two stars in the
log g diagram (Fig. 6) which do not match the fit too well. We
marked them with their TIC names. Keeping in mind that our
arbitrary super-Nyquist choice could not be correct, we added
arrows, which indicate shifts from their super- to sub-Nyquist
frequencies. The shift brings the periods of both stars signifi-
cantly closer to the fit for log g. However, no shift was neces-
sary in the Teff figure as these two stars in that latter figure were
not outliers. In the case of TIC 222892604, the shift moved the
star closer to the trend, which supports the shift in the log g di-
agram. The case of TIC 16993518 is different. The shift in log g
moves the star away from the trend, which does not support a
necessity for the shift in the Teff diagram. We consider the spec-
troscopic determination of log g for TIC 16993518 to be reliable
and since all its pulsations are within a narrow range, changing
its highest-amplitude frequency would have little effect. There-
fore, TIC 16993518 appears to be an outlier of the trend in the
Teff diagram.

6. Summary and conclusions

We presented results of our search for short-period hot subdwarf
pulsators observed in Years 2 and 4 of the TESS mission. We
identified 50 short-period hot-subdwarf pulsators, in addition to
43 found in Years 1 and 3 and reported by Baran et al. (2023).
We presented the list of prewhitened frequencies and we made
an attempt to identify possible multiplets caused by stellar rota-
tion. We selected five candidates with rotation periods between
11 and 46 d. Our work completed the search for p-mode pul-
sating hot subdwarfs in TESS Sectors 1 – 60, and allowed us to

present a completeness study, discuss an evolutionary status and
instability strips of our findings, and compare pulsation periods
vs effective temperature and surface gravity with theoretical pre-
dictions. We found that the percentage of undetected pulsators
in the TESS mission reaches 25% near the 15th magnitude. We
underlined the importance of a proper treatment of the hydrogen-
rich envelope composition (strongly affected by microscopic dif-
fusion processes) when comparing the distribution of hot subd-
warfs in the log g-Teff plane with stellar models. We also empha-
sized that the stellar mass plays a significant role in understand-
ing the instability strip. Based on the width of the p-mode insta-
bility strip we deduced that competing mixing processes ignored
in the non-adiabatic calculations must play a role to reduce the
amount of levitating iron in the stellar envelope. We found that
the coolest p-mode pulsators tend to cluster around the Terminal
Age of the Extreme Horizontal Branch of ∼ 0.47 M⊙. Finally,
we derived pulsation period distributions that agree with the pre-
dicted trends in Teff and log g.
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Appendix A: Additional figures
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Fig. A.1. Same as in Fig. 1, but for another six targets observed only in the SC mode.
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Fig. A.2. Same as in Fig. 2, but for another seven targets observed in the USC mode.
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Fig. A.3. Same as in Fig. 2 but for another seven targets observed in the USC.

Article number, page 28 of 31



A.S. Baran et al.: P-mode hot-subdwarf pulsators in the northern ecliptic hemisphere

Fig. A.4. Same as in Fig. 2, but for another seven targets observed in the USC mode.
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Fig. A.5. Same as in Fig. 2, but for another seven targets observed in the USC mode.
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Fig. A.6. Same as in Fig. 2, but for another three targets observed in the USC mode.
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