SUPPLEMENTARY INFORMATION
1 Pulsation Analysis

Light curves for all stars were downloaded from MAST (Barbara A. Mikulski Archive for Space
Telescopes)!. We used the Pre-search Data Conditioning Simple Aperture Photometry (PDCSAP)
to calculate the Fourier amplitude spectra. To rule out contamination from blends as the source
of the ¢ Scuti pulsations we examined TESS pixel data and cross-matched with the Gaia DR2
catalogue. We were able to rule out contamination within 21 arcsec (~ 1 TESS pixel) down to
a magnitude difference of 9 in Gaia GG band, except for four targets that appear to be resolved
binaries in the Gaia DR2 catalogue.

The large separation Av for each star is listed in Table S1. In most cases this was measured
by aligning the highest-frequency radial modes in a vertical ridge in the échelle diagram (see
Fig. 1). In stars without a clear sequence of radial modes, such as those in Fig. 4, Av was similarly
chosen to make the ridges vertical but is less well constrained because there are several ridges that
are not quite parallel.

The phase term ¢ is given for those stars having a clear [ = 0 sequence, as determined from
the horizontal position of that ridge in the échelle diagram. Note that Av and e are related to the
frequencies of high-order radial modes via the asymptotic relation: v, ;,—y ~ Av(n + ¢).

2 Fundamental Stellar Properties

To estimate properties for our sample we used Tycho By and V; photometry?, which we trans-
formed into Johnson B and V magnitudes®. We then used a (B — V)T, relation*, Gaia DR2
parallaxes®, a 3D dust map®, and V'-band bolometric corrections to calculate effective tempera-
tures and luminosities. We did this by solving for the distance modulus, as implemented in the
“direct mode” version of isoclassify’. For stars with typical uncertainties > 0.01 mag in Ty-
cho (V; > 9mag) we used Gaia BP — RP, with which we interpolated the colour—7.¢ relation in
the MIST (MESA Isochrones and Stellar Tracks) model grid® for solar metallicity to derive Ty,
and used 2MASS K -band magnitudes in combination with Gaia parallaxes to derive luminosities.

We adopted 2% fractional uncertainties for all derived effective temperatures, which is typ-
ical of the residual scatter in optical colour-temperature relations’. A comparison of our Gaia-
derived temperatures with those derived from Tycho photometry for stars with V7 < 10 mag, and a
comparison with an independent implementation of the infrared flux method (IRFM), both showed
good agreement with no significant systematic offsets. Our effective temperatures are on average
~ 1.5% (~ 200K) hotter than those for A-type stars in the Kepler Stellar Properties Catalog'®!!,
which were predominantly based on the Kepler Input Catalog (KIC)'?. Such systematic differ-
ences are typical for effective temperature scales in A stars, reflecting the fact that the KIC was not
optimized for A stars.

To estimate mean stellar densities, we fitted the effective temperatures and luminosities de-
rived in the previous step to MIST isochrones using the “grid mode” of isoclassify, assuming
a solar-neighborhood metallicity prior. The procedure also yielded estimates of stellar masses and
surface gravities, which combined with T.g were used for the interpolation of bolometric correc-
tions in the previous step. We iterated between the “direct mode” and “grid mode” calculations



until all values were converged. Table S1 lists all stellar properties of the sample. Typical uncer-
tainties are ~ 3 % in luminosity and ~ 12 % in mean stellar density. The properties of V1366 Ori
(HD 34282) are not shown because they are highly uncertain due to obscuration by circumstellar
material (it is classified as a Herbig Ae star)'®. This star is not plotted in Fig. 3.

To identify close binaries, which could bias the derived stellar parameters, we cross-matched
our targets with the Washington Double Star (WDS) catalog'*. We also calculated the Gaia DR2
re-normalized unit weight error (RUWE) for each target, which provides a quality metric that
accounts for the effects of colour and apparent magnitude on Gaia astrometric solutions. Stars
with WDS companions within 2 arcsec or Gaia RUWE > 2 are marked with an asterisk in Table S1
and were not plotted in Fig. 3.

3 High-Resolution Spectroscopy

We obtained optical high-dispersion spectra of some stars in the sample in April and May 2019
using the HIRES spectrograph'> at the Keck-I1 10-m telescope on Maunakea observatory, Hawai ‘i.
The spectra were obtained and reduced as part of the California Planet Search queue'®. We typ-
ically obtained 1-minute integrations using the C5 decker, resulting in a S/N per pixel of 50 at
~ 600 nm with a spectral resolution of i ~ 60000.

High-resolution spectra for some stars were obtained in May and June 2019 using the NRES
spectrograph!” at the Las Cumbres Observatory Global Telescope Network!'® 1-meter telescopes at
Cerro Tololo Inter-American Observatory, Chile and Sutherland (South Africa). Exposure times
were typically 10 minutes, resulting in a S/N per resolution element above 70 at ~ 510 nm, with a
spectral resolution of R ~ 50000.

Figure S2 shows a small region of each spectrum, alongside the Fourier amplitude spectrum.
The spectral analysis was performed using the UCLSYN spectral synthesis package!'®-?° using AT-
LAS9 models without convective overshooting?!. Atomic data used in the analysis was obtained
from the VALD database??, using their default search and extraction parameters. Surface gravities
were fixed to log g = 4.0 for all stars in the analysis. A microturbulence value of 3 kms~! was
assumed, which is the typical value for stars within the spectral range considered here?*?*. Mea-
surements of the projected equatorial rotation velocity (v sin ) were obtained through individual
fits to several small (5 nm) regions between 500 nm and 550 nm, avoiding any inter-order gaps. The
final values were determined by calculating the mean and sample deviation of the values obtained
in the small spectral regions.

An independent set of v sin ¢ values were determined for some spectra using the Grid Search
in Stellar Parameters (GSSP) software?>. GSSP is designed to fit a grid of synthetic spectra with
varying T.g, log g, &, vsini and [M/ H] to each observed spectrum and output the x? values of the
fit. These synthetic spectra are generated on-the-fly during the fitting process using the SYNTHV
radiative transfer code?® combined with a grid of atmospheric models from the LLMODELS code?’.
We fixed the microturbulent velocity & at 2.0 km s~! to prevent degeneracies with metallicity. The
derived values were found to be in good agreement with the results from the UCLSYN spectral
synthesis.

Table S2 lists the determined v sin ¢ values for each star. Asterisks (*) indicates close binaries



(see Sec. 2), meaning that v sin ¢ may not be reliable. We included six stars (below the line) for
which we obtained spectroscopy but which are not in Table S1 because their pulsations—while at
high frequency— do not show a clear value of Av.

To determine membership of moving groups, clusters and stellar streams, we calculated
barycentric radial velocities using the Python implementation barycorrPy?® of the barycentric
correction algorithm of Wright et al. (2014)*°. These were combined with space motions calcu-
lated from Gaia DR2 astrometry, and Bayesian posterior probabilities of membership in known
nearby moving groups were calculated using Banyan ¥,

4 Stellar Models

The stellar models presented in Fig. 2 used the ‘astero’ extension of MESA (Modules for Experi-
ments in Stellar Astrophysics)?!. We used two approaches that gave similar results. One was based
on a model grid calculated with MESA (v8118), where we varied mass (0.80-1.90 M, in steps
of 0.01 M) and metallicity ([Fe/H] from —0.5 to 0.5 in steps of 0.1). We used a fixed (solar-
calibrated) mixing-length parameter of ayr = 1.9 and a helium-to-heavy-element enrichment
ratio of 1.33. The best-fitting model was found by Maximum Likelihood Estimation, where we in-
cluded effective temperature, metallicity, luminosity and all identified pulsation frequencies. Equal
weight was given in the likelihood function to the following five observables: frequencies of radial
modes, frequencies of dipolar modes, effective temperature, metallicity and luminosity. The other
approach used the automated simplex search in MESA-astero (v7503), where the fit was guided
by the observed radial modes only. The search was allowed to vary the mass, metallicity, mixing
length, and the age of the model in order to converge to the best fit. A helium-to-heavy-element
enrichment ratio of 1.4 was used. Both approaches assumed a primordial helium abundance of
0.249 and we did not make any correction for surface effects in the way that is commonly done for
solar-like stars*2.

For Fig. 3a we used the evolutionary tracks with solar metallicity (X = 0.71, Z = 0.014)
from Murphy et al. (2019)*. The other parameters of those tracks are aygy = 1.8, exponen-
tial core overshooting of 0.015 H,, (pressure scale heights), exponential H-burning shell over-
and undershooting of 0.015 H,,, exponential envelope overshooting of 0.025 H,,, diffusive mix-
ing log Dpnix = 0 (in cm?s!), OPAL opacities, and the** solar abundance mixture. As noted by
Murphy et al. (2019), these tracks are in good agreement with the MIST tracks computed with
no rotation and similar metallicities, except that the former have a longer main-sequence phase.
This is not expected to be important for our targets, which are mostly young (close to the ZAMS).
Although it is possible for 6 Scuti pulsations to occur in the pre-main-sequence (PMS) phase, prior
to the onset of hydrogen burning?, there is no indication of a PMS classification for most of the
stars in our sample.

5 Additional references and notes on individual stars

As mentioned in the main text, several previous studies have reported regular frequency spacings in
the Fourier amplitude spectra of § Scuti stars'*3¢->!. Among these, the following stars are included
in our sample:



e HD 187547 (KIC 7548479): the large frequency spacing was previously reported as 40.5 pHz
(3.5d"1)#32 which is factor of two smaller than the value we have identified from the same
Kepler observations.

e HD 34282 (V1366 Ori): based on observations with MOST, Casey et al. (2013)!? reported a
large separation of 3.75 d~!, which is half the value reported here. V1366 Ori is a Herbig Ae
star>, so it may be pre-main sequence. Its classification in SIMBAD as an eclipsing binary
appears to incorrect.

e /3 Pic: known to be a high-frequency J Scuti star™*>, but a value for the large separation has
not been reported.

The following stars are not in our sample but seem likely to be high-frequency o Scuti stars with
regular spacings:

e HD 144277: based on MOST and CoRoT data, Zwintz et al. (2011)*! suggested a large sep-
aration of 7.2d L. This star will not be observed by TESS in its nominal two-year mission>®

e HD 261711: based on MOST and CoRoT data, Zwintz et al. (2013)*? suggested a large
separation of 6.72 d~!. This star was observed by TESS in Sector 6, but only in long-cadence
mode.

e HD 174966: based on CoRoT data, Garcia Herndndez et al. (2013)* suggested a large
separation of 5.53d!. This star will not be observed by TESS in its nominal two-year

mission’®.

e XX Pyx: based on ground-based multisite observations, Handler et al. (2000)*® reported 22
pulsation frequencies in the range 27 to 76 d~!, and suggest a large separation of 4.63d .
We have examined the published frequencies for this star using échelle diagrams and confirm
that a value of Av = 4.70d ™! gives a reasonably good alignment of the peaks. This star will

not be observed by TESS in its nominal two-year mission®.
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Table S1 | Properties of high-frequency ¢ Scuti stars. An asterisk (*) indicates a close binary
(see Sec. 2), meaning that stellar parameters (V, T.g, L and p) may not be reliable. References

10

indicate classifications as ¢ Scuti stars !3:40:52:54.55.57.58 “ X Boo stars>>® and members of young
moving groups, clusters or stellar streams®' =%,

TIC HD Name V.  T.e  L/Lg p/po  Av €  Refs.

(K) d

589826 30422 EXEri 618 7939 8427008 0.40705 652 186 3760
9147509% 25369 9.68 —- — — 6.15 165
11199304 290750 9.77 9171 19.14%5%2 0357091 596 1.49
11361473 290799 V1790 Ori  10.67 8783 13.2170%2 0.427002 755 1.65 6067
24344701 34282 V1366 0ri  9.92 — — — 740 171 13
31475829 37286 HR 1915 626 8077 8.18%007 047002 730 — 6268
32763133 38629 8.92 8166 11.27152% 0357001 735 1.77
34197596 25674 8.69 8261 10.20103% 0.427001 675 1.79 8
34737955 44930 942 7317 717330 0331097 6.03 1.67
37498433 42608 9.85 8171 10.057028 0.40%99° 710 157 586064
43363194 3622 777 7928  7.86701% 0.45700%  6.89 1.6l
44645679 24975 724 7794 9.207017 037700 623 1.58
71134596 28548 922 8512 10.82%033 0467002 750 1.67 %%
78492107 50153 7.03 7824  9.151011 0.377007  6.85  1.60
100531058 38597 8.65 8425 10.381020 044700 690 1.68 *
112484997 59594 V349Pup 7.32 7798 8.067009 0.39%05, 6.65 1.61 7
117766204 45424 7.18 8062 10.39701% 0.36700; 6.54 1.86
122615966 17341 9.32 7810 10.05703% 0.327001 590 1.73 ¥
122686610 17693 7.80 7879 10.217572 0.33105; 641 1.6l
124381332 TYC 5945-497-1  9.69 8271 10.02%033 0427002 745 1.61 8
124429243 42915 9.04 8516 12.82%047 0.38700% 6.40 1.98 3806164
143381070 SAO 150524  9.46 8028  7.887037 0487002 7.63 —
148228220 48985 9.04 7709 11.60%537 0257003 725 1.56
150272131 44726 10.38 7885  7.87T0% 0.45%90: 725 170 8
159895674 20232 6.88 8058  8.647005 0.447003 6.86 1.64
172193026 46722 9.29 7812 8.28703% 0.397001 645 171 ¥
176400189% 75040 9.05 — — — 6.64 1.58
224284988 223011 6.32 7827 10497513 0.31700% 593 1.68
229139161 10779 878 7733 8137012 0.387T001 6.80 1.63
231014033* 10961 9.39 7434 — — 730 1.70
242944780 24572 945 7410 7.25%930 0347007 720 1.58 8



TIC HD Name Vv Test L/Lg p/pe Av € Refs.

(X) dh

246902545 31322 928 8259 13.1970% 0.327091 6.10 169 8
255548143 44958 V435Car 674 7655  7.82100% 0.40700% 690 158 7
259675399 31640 8.06 7687 8257012 0.37T007 641 175
260161111 TYC 8533-329-1 10.70 8368  9.33%03% 0487008 727 — 38
269792989* 29783 787  — — — 6.74 1.79 6164
270577175 39060 BPic 385 8082 8497012 045700 695 — 4363
274038922 20203 8.85 7973  8.06703 0.45T00 720 176 8
278179191 59104 8.50 7364  6.157059 0.39700% 696  1.67
281499618 2280 9.13 7506 5.52%093 0507002 7.17 173
282265535 40317 8.45 8698 10.587033 0.51700% 695 1.63
284348793 54711 9.01 8195 9.22%02% 0.447095 7.08 1.65
287347434 99506 836 7972 7.58T0% 0.48T00%  7.05  1.59
294157254 55863 9.06 7645 7.80%037 0.387002 692 1.57
306773428% 67688 766 — — — 7.04  1.59
316806320% 222496 948 — — — 563 171
316920092 31901 9.07 7768  7.74153%  0.42700% 697 156 ©°
327996759% 220811 691 — — — 6.04 1.82
332516661 78198 9.50 7341  7.79703T 0317001 590  1.65
340358522 TYC 8564-537-1 10.59 7493  7.30%030 0367007 7.15 1.54
348792358 32433 922 7696  7.32%01% 0427002 695 1.54
349645354 SAO 249859  9.79 7066  7.99703% 0.237003 534  1.69
388351327% 70510 675 — — — 7.16  1.68
408906554 42005 9.54 8031 875%92 0427002 716 157 8
431695696 TYC 85-867-1  9.63 7961  8.85%041 0417002 726 1.61
459942890* 25248 8.60 — — — 716 1.55
463556278* 89263 HR 4043 622 — - - 7.02 171
KIC 7548479 187547 8.40 7474  6.747015 0.40700f  7.00 1.61 402
KIC 8415752 TYC 3132-1272-1 10.67 7777  9.837033 0.327057 620 1.63

KIC 9450940 1268 7922 8597047 0.41700% 615  1.67

11



Table S2 | Projected rotational velocities from high-resolution spectroscopy. An asterisk (*)
indicates a close binary (see Sec. 2), meaning that v sin ¢ may not be reliable. Stars below the line
are not part of the sample listed in Table S1 that have clear values of Av.

TIC HD Name vsing source
(kms™1h)

589826 30422 EXEri 128 literature®
24344701 34282 V1366 Ori 129+ 11 literature’?
31475829 37286 HR 1915 70 literature®
37498433 42608 41+1 Keck
43363194 3622 506 LCO

124381332 TYC 5945-497-1 178 £ 37 Keck
124429243 42915 118 £5  Keck
176400189* 75040 24+ 3 Keck
224284988 223011 43+2 LCO
255548143 44958 V435 Car 114 +11 LCO
270577175 39060 £ Pic 122 literature”®
287347434 99506 26 +2  Keck
327996759* 220811 261 =40 Keck & LCO
332516661 78198 45+1 Keck
388351327* 70510 94+ 10 LCO
463556278* 89263 HR 4043 1007 Keck
KIC 7548479 187547 10+ 2 literature®
KIC 8415752 TYC 3132-1272-1 18+ 1 Keck
KIC 9450940 10+1 Keck
4351100 294060 79+3 Keck
48657402%* TYC 6515-7-1 42+2 Keck
92734713 200835 244 + 45 Keck
248439776 293856 1096 Keck
248990523 TYC 4759-318-1 1185 Keck
440736236 55463 164 £25 Keck
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Figure S1 | More examples of mode identifications in § Scuti stars. The amplitude spectra
are shown in échelle format, with segments of equal length being stacked vertically. The vertical
dashed line shows the value of Av used in each case, with a repeated overlap region added on
the right for clarity. The greyscale shows the observed amplitude spectrum of data from the TESS
spacecraft, where the number of 27-day sectors was four for V435 Car, three for HD 55863, two
for HD 24975 and HD 46722, and one for HD 42608 and HD 220811. Smoothing was applied
to the observed amplitude spectra before plotting and the red stripes mark overtones sequences of
[ = 0and ! = 1 modes.

13



HD 187547
[ |ll.1 N 10 km/s
KIC 9450940
TIC 164780645 WMWWWWW
11l 10 kmis
KIC 8415752
TIC 164830786 “WW"MWWWJW\F
L_h_._jﬂu L _LL alo o . 18 km/s
HD 75040
TIC 176400189 WMMWW
shd bl L L . 24 kmis
HD 99506
TIC 287347434 WW‘W
Lias l.l AL 1 26 km/s

L "

HD 42608
L TIC 37498433 “WN‘\M‘\/’*’WN
|, 1 | 41 km/s
HD 223011
l TIC 224284988
Lol i b,
HD 78198
l TIC 332516661 W«W@M
L N TR e N 451w

HD 3622
TIC 43363194
L Llln‘lLA T N ¢ 50 km/s W e Wivh
HR 4043
TIC 463556278
. " Lokl 1 100 km/s

V 435 Car

TIC255548143 WWWWW
114 km/s

HD 42915

TIC 124429243 A g I e ety o
| l 1 1 118 km/s

HD 70510
TIC 388351327 [l b vpigeess ettt Pl Ay i ,‘\W‘mﬂr
A lll.Ll LLI N1 N 129 km/s

P VY P8 PERETHRT U WO WO W

TYC 5945-497-1
TIC 124381332 e IS b e
L h 1 k. . L ) 178 kmi/s
HD 220811
TIC 327996759 Pyt A N i o o N
RNV S ST W -
0 10 20 30 40 50 60 70 80 4125 413.0 4135 4140 4145 4150 4155 416.0 4165
Frequency (c/d) Wavelength (hm)

Figure S2 | Fourier amplitude spectra and high-resolution spectra of high-frequency ¢ Scuti
stars. Measured v sin¢ values are shown in the right panel and the stars are sorted by increasing
v sin 4.
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