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ABSTRACT

We present a multi-instrument analysis of the rapidly desiiilg Ap (roAp) star HD 42659. We have obtained
B photometric data for this star and use these data, in cotijumwith TESS observations, to analyse the
high-frequency pulsation in detail. We find a triplet whishsplit by the rotation frequency of the stay,{ =
0.3756 d*; P,y = 2.66 d) and present both distorted dipole and distorted quadeumode models. We show
that the pulsation frequency, 19898 d™ (Pyus = 9.54 min) is greater than the acoustic diitbequency.
We utilise 27 high-resolutionR ~ 65000), high signal-to-noise-(120) spectra to provide new orbital
parameters for this, the only known roAp star to be in a sheriogl binary Por, = 93.266d). We find the
system to be more eccentric than previously thought, @ith0.317, and suggest the companion is a mid-F
to early-K star. We find no significant trend in the averageatibn mode amplitude with time, as measured
by TESS, implying that the companion does not haveftataon the pulsation in this roAp star. We suggest
further photometric observations of this star, and furitedies to find more roAp stars in close binaries to
characterise how binarity mayfact the detection of roAp pulsations.

Key words: asteroseismology — stars: chemically peculiar — starstiatsans — techniques:
photometric — techniques: radial velocities — stars: iiatlial: HD 42659

1 INTRODUCTION form spots at the magnetic poles of the Ap st&gdbchikova et al.
2007. Those spots are stable over many decades to centuriss, thu
allowing for the accurate determination of the star’s iiotaperiod
through modulation of its light curve, which can be of theeard
days to decades and monddthys 2015%. It is also the magnetic
field in the Ap stars that is thought to cause this slow rotatio
many of them through magnetic brakirgtépien 200

The rapidly oscillating Ap (roAp) stars are a rare subclasthe
Ap stars that show brightness and radial velocity variatiasith
periods of 47 — 237 min. Discovered using targete8 photo-
metric observations of known Ap starkurtz 1978 1982, only

76 roAp stars have been identified over a 40-yr period (se® cat
logues ofSmalley et al. 2015Joshi et al. 201@&nd recent works by . . .
Cunha et al. 201:Balona et al. 201%Hey et al. 2013 With the re- ~ The pulsations in the roAp stars, which are low-degrge (
cent results from the Transiting Exoplanet Survey Sa¢e{fESS; high-overtone if) pressure (p) modes, are thought to be driven by

Ricker et al. 2015 it is becoming evident that the roAp stars are the€x-mechanism acting in the Honization zone Balmforth et al.
even rarer than previously thought, with an incidence ratermst 2001, Cunha 2002 It was found that this mechanism is only viable

the Ap stars of about 4 per cei@nha et al. 2019 when the magnetic field suppresses convection around the mag
The magnetic Ap stars are characterised by their chemieal pe N€tic Poles, explaining why it is the magnetic Ap stars ttaive
culiarities, strong predominately dipolar magnetic fiedaisl slow ~ 1€S€ high-overtone pulsation modes that are not founcinoh-

rotation. They constitute about 13 per cent of the A starsvaisale magnetic A stars. This also provides an explanation as totivay
(Wolff 1968 1983. The magnetic fields in the Ap stars are inclined PulSation axis in roAp stars is closely aligned to the maigretis.

to the rotation axes, and can have magnetic field modulusgitire Thex-mechanism cannot explain the observed pulsation mode
of up to about 35 kGBabcock 1960Elkin et al. 2010, which act frequencies in some stars. In non-magnetic stars therehisoaet-

to suppress convection, thus allowing gravitational sefthf some ical limit to pulsation mode frequencies, the acoustic fiufe-
elements and radiative levitation of others, most notabéy rare quency, where the wavelength of the pulsation becomes sbiort
earth elements. This phenomenon can result in overabuesianc pared to the scale of the surface reflective boundary. Howthere

in the stellar surface layers, of rare earth elements, whfeén are many roAp stars that pulsate above this limit (see figuoé 6

Holdsworth et al. 2018c It was shown byCunha et al(2013 that,
in surface regions where convection is not suppressed byn#ue
* based on observations made with the Southern African LaetgsFope netic field, turbulent pressure can be a viable excitatioolagism
(SALT) for the observed super-critical pulsations, i.e. pulsatiode fre-
+ E-mail:dlholdsworth@uclan.ac.uk guencies that are observed above the theoretical acoustit fre-
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2 D.L.Holdsworth et al.

Table 1. Basic and derived stellar parameters of HD 42659. Table 2. Log of 20172018 SAAQ observations of HD 42659. UTC date
and BJD are given for the mid-point of the first exposure. Alservations
Parameter value Reference were conducted with the SAAO 1.0-m telescope by DLH.
Spectral type Ap SrCrEu 1) Year UTC date BJD Duration
my 679001 (2) (2450000.8)  (min)
My 1.03+0.23 ©)
7 (mas) 762+ 0.04 (4) 2017
d (pc) 1312+ 0.7 4) Dec 1213 8100.35792 260.2
log Teg 3.90+0.01 3) Dec 1314 8101.36511 48.3
log(L/Lo) 1.48+0.09 ©) Dec 1415 8102.35343 381.9
Vsiniine (kms1) 19+1 (5) Dec 1516 8103.35379 341.9
(By) (kG) 040+ 0.05 (3,67 Dec 1617 8104.38644 219.3
M (Mg) 210+ 0.10 3) Dec 1920 8107.41714 273.5
R(Ro) 290+ 0.33 From standard relation Dec 2021 8108.47363 30.9
TWeighted mean. (Hlouk & Smith-Moore(19889; Dec 2423 8110.32456 3804
. ' Dec 2324 8111.31963 340.4
(2)Hﬂg et aI.(ZOOQE (3) Kochukhov & Bagnulo2006); Dec 2425 8112.31763 353.1
(4)Gala‘CoIIaboratlor(201a; (5) Elkin et al.(2008); Dec 2526 8113.31867 396.2
(6)Hubrig et al.(2008. Dec 2627 8114.30889 409.4
Dec 2728 8115.31138 3954
guency for a non-magnetic star. In addition, due to the gtroag- Dec 2829 8116.30767 375.8
netic fields in these stars, compressible Alfvén waves szeemt Dec 3031 8118.29875 428.0
Dec 33Jan 01 8119.30476 152.4

in the stellar atmosphere, with some, or even most, of theagioh

wave energy residing in the magnetic waves, thus providieg t 2018
potential for pulsation frequencies higher than the pueslgustic 322 82182 Sgg:;gig ﬁ;:?
cutaf frequency Sousa & Cunha 2008 Total 5693.4
As previously mentioned, the pulsation axis in roAp stars is
misaligned with respect to the rotation axis, but closeigradd to
the magnetic one. This can lead to a variation in the viewsgal  |arger aperture to decrease scintillation noise in the gl spec-
of a pulsation over the stellar rotation period. This pheeoan trum. Their results showed variability on only a few nightslicat-
results in amplitude modulation of any pulsation mode wite t  jng strong amplitude modulation of the pulsation, with aigeof
rotation period, which manifests itself as a multiplet sphactly a few days.
by the rotation frequency in a Fourier transform. This wast fir Using a data set combined of 5 nights, which had the high-

noted byKurtz (1982 who developed the oblique pulsator model. et quty cycle, they concluded that the pulsation had a éecy

Subsequently, that model has been revised and improved manysf 149.9472 d (1.7355 mHz), but stated that this value should be
times (e.g.Shibahashi & Saio 1983 Shibahashi & Takata 1993 {reated with caution due to the mode having low amplitudethad

Bigot & Dziembowski 2002 Bigot & Kurtz 2011). This property  gata a complex window pattern. Since those results, noduptho-
of the roAp stars gives constraints on the mode geometrgesin  {gmetric observations were made.

multiplet of 2 + 1 components is expected for each mode, where Spectroscopic observations spanning 4-yr were obtained
the relative amplitudes of the multiplet components areedepnt by Hartmann & Hatze2019 using the High-Accuracy Radial-
on the inclination of the rotation axis to the line of sigi,, and velocity Planet Searcher (HARPS) spectrograph on the 3téten

the obliquity of the magnetic axis with respect to the ratataxis, scope at the European Southern Observatory (ESO). Thejret8 s

B. tra, obtained on 16 nights, revealed significant radialaigtdRV)

The spectrqscopic binary fraction of Ap stars is of the order ariations which were successfully modelled as being chinse
45 percentCarrier et al. 2002Mathys 2017. However, the short  gccentric binary motion witlPe, = 93d . Although with a period
period P < 20d) spectroscopic binary fraction amongst the Ap greater than 20 d, this system possesses the potentiatiotatin-

stars is very low, with only about 10 knowhdndstreet et al. 2037 terplay between the excitation, or suppression, of roAgaiions
Although some roAp stars have been observed to be in visual bi y 5 pinary companion.

nary systemsScholler et al. 201R there is only one known to be
a spectroscopic binary: HD 42659.

3 PHOTOMETRY
2 HD42659 3.1 The2017 SAAO observations

The subject of this paper is HD 42659 (UV Lep; TIC 33601621); We conducted a three-week observing campaign from SAAO in
we present basic and derived properties for this star ineliabl 2017 December. Using the 1.0-m telescope and one of therSuthe
HD 42659 was discovered to be a pulsationally variable Ap land High Speed Optical Cameras (SHQZZippejans et al. 203
star by Martinez et al.(1993. They observed the star through a we aimed to obtain the most complete light curve of HD 42659 to

B filter for a single night with a photometer mounted on the date to provide robust values for the pulsation frequenay ran
0.75-m telescope at the South African Astronomical Obgerya tation frequency. The observations were conducted wifitter,
(SAAO). Later, a more extensive photometric study was cotetl where the signal-to-noise [$) ratio is greatest for the roAp stars
by Martinez & Kurtz(1994), where they observed the star forafur- (Medupe & Kurtz 1998 We provide a log of the observations in
ther 11 nights on the 1.0-m SAAO telescope with the aim using a Table2.
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Figure 1. Reduced 2017-2018 SAAQ light curve for HD 42659. Data af-
fected by cloud have been removed, and pre-whitening haspEréormed
to remove airmass and sky transparency variations.
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Figure 2. Top: amplitude spectrum of the 2017-2018 SAAO observations
of HD 42659. There is a large amount of noise remaining initite turve,

as demonstrated by the excess power up to about 70@\pparently evi-
dent is the pulsation frequency at 15¢ dBottom: zoom of the suspected
detection of the pulsation frequency. The highest ammditpdak falls at
150.98 d! but the second peak at 151.98ds of almost the same am-
plitude. We cannot determine which, if either, of these geiakthe true
pulsation mode with these data.

The data were reduced using the-pror code of Bowman
& Holdsworth (submitted), which has previously been used fo
the reduction of SAAZSHOC data (e.gHoldsworth et al. 2018a
and binned to 60-s integrations to give each data point theesa
weighting. Due to the brightness of the st¥r£ 6.8) and the rel-
atively small field of view of the SHOC instrument, there wace
suitable comparison stars to perfornffdiential photometry. We
therefore removed data that waffeated by cloud, then filtered
low-frequency variations by pre-whitening the data. Thisgess
removed both airmass and sky transparency variations|dmaay
information on the rotation period of the star. The final tighrve
is shown in Figl.

In search of the pulsation in HD 42659, we calculate an am-
plitude spectrum to 300°d and show this in the top panel of FR).

Multi-instrument observationsof HD 42659 3

Despite orts to remove the low-frequency artefacts in the data,
the amplitude spectrum shows there is still a significantuarhof
red noise present. However, at higher frequency where tiee no
decreases, there is a clear feature which is significanteabio
noise. A detailed look (bottom panel of F&).shows that there are
two peaks in the amplitude spectrumy, (= 150971 + 0.007 d*?,

v = 151986 + 0.008 d*), separated by 17d, which are in the
same frequency range as the peak identified in the discoay d
(Martinez et al. 1998 With the 2017-2018 SAAQ data alone, it is
not possible to distinguish which of the peaks represemtptitsa-
tion mode. Furthermore, given the low\Bof this data set, no extra
information can be gained from these data. What we have tigen a
to show here is that the frequency previously publishedHisrdtar,
14994 d* (1.7355 mHz), is probably incorrect as a result of daily
aliasing, however the authors did exercise caution in ticlu-
sion (Martinez & Kurtz 1994.

3.2 TESSobservations

By far the best photometric data set for HD 42659 was obtained
by the TESS mission during sector 6. During its 2-yr mission,
TESS will survey almost the entire sky with a cadence of 30 min
(Ricker et al. 201p The spacecraft consists of 4 cameras in a con-
figuration which images a strip of sky 2% 96° in size. One cam-
era is centred on the ecliptic pole, while the others extezatip

to the ecliptic plane. The observing strategy consists afek3ors
per hemisphere which are rotated through everg7 d. As such,
objects near the ecliptic pole will be observed for about@86th
objects near the ecliptic plane having just 27-d of data isequ
(Ricker et al. 201k

In addition to the 30-min data, 20 000 stars per sector were
chosen to be observed in the high-cadence mode, with observa
tions every 2 min. HD 42659 was included in the 2-min cadence
sample along with nearly 1400 other chemically peculiarssta
the context of the roAp programme of the TESS Asteroseisitiic S
ence Consortium (TASC). Itis those high-cadence data teaise
here; they are publicly available and obtainable from th&u4iki
Archive for Space Telescopes (MA§Twebsite.

The data for HD 42659 cover a time span of 21.77d, with
a 109d gap for data download. For the analysis, we used the
PDC_SAP fluxes, which were produced by the Science Process-
ing Operations Centre (SPO@enkins et al. 2016 The data were
converted to magnitudes, and time stamps adjusted for ttee ze
point correction. The data were of good quality, thus we ditra-
move any outlying points. We did, however, remove low-fremgy
instrumental artefacts that remained after the pipeliicgons
(a low-frequency trend and some residual background fluxhvhi
were removed by fitting a series of sine curves). An initialgsis
of these TESS data was presentecBajona et al(2019, but we
provide a more detailed analysis here.

At first visual inspection, there is a clear modulation in the
light curve of HD 42659 (Fig3). This is expected for the Ap stars,
which host spots of increased chemical abundances. Tondeter
the rotation period of the star, we calculated the amplitsioec-
trum using a discrete Fourier transfortduftz 1985 and fitted a
harmonic series by non-linear least-squares to the datatah af
six frequencies were used such that the the amplitude ofigie h
est frequency is at approximately the noise level in the.dak
derived a rotation frequency of3¥5566+ 0.000035 d*, which

1 https://archive.stsci.edu
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Figure 3. Full TESS light curve of HD 42659. There is a clear rotatiag si
nature due to chemical spots. We have removed some insttahagtefacts
from the data.
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Figure 4. Phase folded light curve showing the stability of the spots
over the observing period, as expected. The data have beeachb0:1,
and the zero point was chosen to be the time of pulsation maxim
BJD 2458481.21190.

corresponds to a period of6b5265+ 0.00025 d. We show a phase
folded light curve plot in Fig4.

To analyse the pulsation in the TESS data, we pre-whitened

the data in the range-@20 d* (0—0.23 mHz) to an amplitude level
that is approximately that of the noise at high-frequenay.(the
average peak height in the range 20800 d*as shown in Figp) .
Before performing this step, we checked that there is norcige
nal in this range that could be attributed to an astrophysigaal.
After removing the rotation harmonic series, there are doNy-
amplitude instrumental artefacts remaining.

The pulsation is clearly evident in the top panel of BEigwith
amore detailed view in the bottom panel. The multiplet isdative
of a dipole mode, as under the oblique pulsator model, onectsp
a multiplet of Z + 1 peaks for a given mode. These high precision
TESS data allow us to confirm that the pulsation frequenchis t
star is 1500898+ 0.0029 d}(1.747567+ 0.000034 mHz), which is
consistent with the highest peak found in the 2017 SAAQ detta s

To analyse the multiplet, we iteratively fitted the compdsen
non-linear least-squares. We show the results of thisdifimoce-
dure in Table3. After removing the multiplet from the data, there
are no further significant peaks remaining. We used thislimaar
fit to show that the splitting is equal to the rotation frequeby
taking the ratio of the sidelobe splitting to the rotatioaduency
presented above. For thre- v, Sidelobe we found the ratio to be
1.004+ 0.011 and for the’ + v, the ratio was D08+ 0.013, both,
in agreement with the rotation frequency derived above.

Returning to the oblique pulsator model, for a pure, non-
distorted mode, one expects, for the right choice of time peint,
the phases of all components of the frequency multiplet edosl;
this is a signature of pure amplitude modulation. To test thie as-
sumed that the sidelobes to the pulsation frequency arefipt
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Figure 5. Top panel: the full amplitude spectrum of HD 42569 to the
Nyquist frequency of the TESS data. Bottom: zoomed view efthisation
mode frequencies. Clearly the mode is split into a triplethwihe compo-
nents split by the rotation frequency.

Table 3. The results of a non-linear least-squares fit to the pulsatialti-
plet. The zero point for the phases is BJD 2458479.16258.

ID Frequency Amplitude Phase
@™ (umag) (rad)
v—vrot 1506128+ 0.0030 368+45 097+0.12
% 1509898+ 0.0029 387 +4.5 244+ 0.12
v+vot 1513625+ 0.0039 284+45 -242+0.16

Table 4. The results of a linear least-squares fit to the pulsation- mul
tiplet where we forced the sidelobes to be split from the qids fre-
quency by exactly the rotation frequency. The zero pointtierphases is
BJD 2458481.21190.

ID Frequency  Amplitude Phase
(@ (nmag) (Rad)
v—vot 1506142  368+45 -118+0.12
v 1509898 387+45 -117+0.12
v+vet 1513654  282+45 -118+0.16

that frequency by exactly the rotation frequency of the. Staere-
fore, using the rotation frequency derived above, we fditted the
sidelobes, then fitted the light curve by linear least-sesiachoos-
ing a zero point in time such that the phases of the sidelotees a
equal. The results of this test are shown in Table

It is evident that the phases are in excellent agreement-sho
ing that the multiplet is a result of pure amplitude modaati
a signature of oblique pulsation. The amplitudes of the -side
lobes, although unequal as a result of the Coriolis forcg.(e.
Shibahashi & Takata 19938Bigot & Dziembowski 2002, are in
agreement within the errors. It seems that HD 42659 is a grod e
ample of a ‘well behaved’ roAp star. This makes the applaradf
the full oblique pulsator model to this star valid.
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Figure 6. Visualisation of the values df,c. andg that satisfy equatioriy.
The green shaded region bound by the dashed lines repréiserits error
range. As can be seép. + 3 is always greater than 90suggesting we see
both pulsation poles. The blue shaded region representgathes ofijc,
which are estimated from spectroscopy. See the discussiatefails.

In the absence of limb darkening and spé#tsrtz et al.(1990
provided a relationship between the amplitudes of a dipgiéet,
and the geometry of the star:

A(l) + A(l)
taniinctans = ﬂfl)‘l
Ao

1)
whereA") are the sidelobe amplitudes, is the amplitude of the
pulsation modeij,. andg are the angles of inclination and magnetic
obliquity, respectively. Using the results from TaBlese find that
tani tanB = 1.68 + 0.26. Although, without direct information on
eitherijc or 8, we are only able to provide constrains on the two
angles, which are shown in Fig.

We show the sum of,. andg values as these enable visuali-
sation of the star. For a pure dipole mode, the equator is @ and
both poles are anti-nodes. Given that we see both magndés,po
as suggested by the double-wave nature of the rotationiaiticar
of the light curve, itis likely we see both pulsation polesr this to
be the casdj,. + 8 must be> 90°, which is satisfied by the results
of equation 1) and Fig6. In this case, the equatorial node crosses
the line of sight and the amplitude should go to zero and aghas
change ofr-rad is expected.

To test this, we split the light curve into discrete segmefits
0.5d and calculated the amplitude and phase at fixed freguenc
with the results shown in Fig. Although the scatter is large, due
to the low mode amplitude, there is an obvious change in tleapu
tion amplitude and phase over the rotation period. Thisisistent
with the oblique pulsator model.

In conducting this test, we noticed an interesting phenamen
Although the choice of segment length is arbitrary, as Ianthare
is suficient frequency resolution, we often choose integer miakip
of the pulsation period. We did this and found, when phasirgg t
data on the rotation period, our amplitude and phase measuis
all fell at discrete rotation phases. Further investigasbowed that
the rotation period is 4024 + 0.06 times the pulsation period, i.e.

Multi-instrument observationsof HD 42659 5
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Figure 8. The variation of pulsation amplitude over the length of iS5
observations. The large error on the final data point is dtreffew data
points being used for the amplitude calculation. The dasihedepresents
a linear fit to the data, with the dotted lines showing the donfidence
limits of the fit.

an integer multiple within the errors. Whether this is cailecice
or related is yet to be determined.

Furthermore, the high scatter in the amplitude plot in Fig.
aroused suspicion, as one would expect the pulsation ardelio
be similar at the same phase foffdrent rotation cycles (cf. figure
15 inHoldsworth et al. 2016 To investigate this further, we calcu-
lated the pulsation amplitude at a fixed frequency in segsneht
the same length of the rotation period. In this way, we sartipe
same average pulsation amplitude over one complete rotatihe
next. The results, shown in Fi§,. suggest that the average pulsa-
tion amplitude may not be stable over the 21-d TESS obsensti
We therefore fitted a linear regression to the data and fougra-a
dient of -1.0 + 0.7umag d*, with a p-value of B2 and ay? of
2.26. This fit showed that there is no statistically significegiminge
to the pulsation amplitude over the TESS observations geviée
attribute the scatter in Fig.to the low SN of the data.

Our final task with the TESS data is to model the amplitude
and phase variations in Figfollowing the method oBaio(2005),
as employed and discussed Hgldsworth et al(2016. The mag-
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6 D.L.Holdsworth et al.

netically distorted eigenfunction of a roAp pulsation maslex- Table 5. The measured RVs of HD42659. The time is given as BJD-
panded using axisymmetric spherical harmonis,The contribu- 2450000.0 and corresponds to the mid-point of the exposure.

tion of each? component to the observed light variations is propor-

tional to Time RV

(kms™1)

/2
I, = f P,(cosd.)(1 — u + ucosh ) cosg d(cosd)  (2)
0 8084.4168 80+ 0.23

(e.g., Saio & Gautschy 2004 whered, is the polar angle to the 8100.3845 1§2+0.22
line of sight andu is the limb darkening cd&cient. A distorted 8100.5691  184+0.23
dipole mode consists of odglin which¢ > 3 components are gen- 8102.5908 24+ 0.26

8103.5884 228+ 0.27
8104.3742 226+ 024
8107.5808 221+0.30
8110.3382  3®4+0.32

erated from coupling with the magnetic field. However, thevab
equation gived,_3/l,-; = 0.09 andl,s/l,-; = —0.01,... (where
u = 0.6 is used), indicating thdt> 3 components hardly contribute

to the observed light variations. Therefore, even a styodigtorted 8111.3365 3B0+0.29
dipole mode approximately obeys the rules for a pure dipaden 8113.3312 351+ 0.30
Furthermore, neither the amplitude nor the phase moduktoe 8114.3221 320+ 0.29
affected by the strength of the magnetic field. As such, we cannot 8121.3213 33+ 0.29
constrainiiyc, 8 or By (the polar magnetic field strength) by the fit- 8122.5325  2&%0=+ 0.27
ting. We present in the left panel of FRthe best fitting dipole 8123.3153 2616+ 0.30
mode to the data. The choice Bf, is arbitrary due to the afore- 8128.3025  1BO+023

8129.5067 1¥7+021
8130.4944  1483+0.20
8132.4855 1P1+021
8438.4564 -0.15+0.28

mentioned reasons.
We postulated, as a result of its similarity to dis-
torted quadrupole mode pulsatoitdoldsworth et al. 2018k that

HD 42659 could rather be pulsating in a distorted quadrupole 8442.4523 G0+ 027
mode. Therefore, we attempted to model the amplitude ansepha 8450.4059 D4+ 0.25
variations accordingly. In the case of a distorted quadeupmde, 8461.3793 @4+ 021
mainly the¢ = 0 and¢ = 2 components féect the shape of the 8467.3580 185+ 0.20
amplitud¢gphase variations. This is also the case for the magnetic 8472.3651 1743+0.21
field. The right panel of Figd shows our best fitting model in the 8476.3425 2I76+024
case of a distorted quadrupole mode. 8480.3447 287+ 0.29

In the case of the quadrupole mode, the polar magnetic field 8484.3249 353+ 030

strength has to be ficiently weak (1<kG) for the phase vari-
ations to be modelled; with a stronger field, the predictedsph
variations are too small and represent a poor fit to the obtens.
This weak field is consistent with the mean longitudinal neign
field strength of 310+ 0.05 kG presented in Table

Unfortunately, the intrinsic low amplitude of the pulsatio
mode, coupled with the red TESS filter, mean that the obsenst
do not have sflicient precision to allow us to conclude confidently
on the degree of the mode in HD 42659; however, the evidence we
have presented leads us to favour a dipole mode for the mrisat
HD 426509. 4.1 Radial velocity measurements

The observations were automatically reduced using the SALT
custom pipeline, which is based on the ES®w®as pipeline
(Kniazev et al. 20172016. The data underwent standard calibra-
tions, including flat-fielding, order extraction and wavejéh cal-
ibration. Finally, the orders were merged to provide a 1-Dtico
uous spectrum for each arm. Finally, we applied a Baryaemti
locity correction to the observations.

Although the SALT pipeline provides Heliocentric radialagties
of a given spectrum, we chose to perform our own radial vejoci
analysis. To do this, we firstly synthesised a spectrum uSng
Since HD 42659 is the only roAp star known to be in a spectro- (Blanco-Cuaresma et al. 201Blanco-Cuaresma 201@ising the

4 SPECTROSCOPY

scopic binary systemHartmann & Hatzes 2035it provides us stellar parameters in Tahle then used this synthetic spectrum to
with the opportunity to test whether the binary companifiecs normalise the SALT observations, also usiSegc.

the pulsations in the Ap star. To that end, we obtained 27-spec To derive the RV measurements, we used the cross-correlatio
tra with the High Resolution Spectrograph (HRB:amall et al. function (CCF) technique. Each observation was crossetaied

2010 Crause et al. 20)4mounted on the Southern African Large  with the synthetic spectrum, with the RV being taken when @CF
Telescope (SALTBuckley et al. 2008 Observations were takenin ~ maximised. The RV, and error, were derived by a Gaussiantfito
High Resolution (HR) modeR ~ 65 000, with an integration time  shape of the CCF.

of 158s. The signal-to-noise ratio varied between about arfid Finally, with an RV measurement for each spectrum, we re-
150 in the central region of the spectrum, dependent on vibser peated the above process but removed the initial RV, theplieal
conditions. it, during the normalisation process. This served to miégay er-

HRS is a dual-beam spectrograph with wavelength coverage rors introduced to the initial RV measurement when autaraiyi
of 3700- 5500 A and 5500 8900 A. In the following analysis, we  normalising the spectra. The final RV measurements are sirown
chose to use only the blue arm data. This removed any isstles wi Fig.10and Table.
Telluric line contamination (which is significant given tekevation We fitted the final RV measurements with tkeLin code
of the SAAO site) and removed any systematisets between the  of Wright & Howard (2009, and included the bootstrapping
blue and red arm wavelength calibrations. method for error analysis byVang et al.(2012. We provided
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Figure 9. Left: best fitting distorted dipole model to the observed ktogle and phase variations. We show a representative masleny values df,¢, and

B which satisfy equatiofh and Fig.6 provide good fits to the observations. Right: the best fitdiggorted quadrupole model. In this case, only a small value
of the polar magnetic field strength allows us to obtain a ddas stronger fields predict smaller phase variations daentore significant contribution from
the spherically symmetric component. In both cases, theakxir represents the observations, with the black beiagrtbdels. The dotted lines represent the
non-distorted case in each model.

58100 saDS,(BID-24000000) s Table 6. Results of thawu fit to the SALTHRS RV data.

Parameter Value

A P (d) 93266+ 0.033

£ Tp 811952+ 0.20

= K (kms1) 17.26+0.10

z e 0.317+ 0.004
w () 25+1

—~ y (kms1) 1227+ 0.08

c f(m) (103 Mo) 424407

= asiniom (au) Q140+ 0.002

(&}

b

2018.0 2018.2 2018.4 2018.6 2018.8 2019.0 . . . .
Time (date) curve which perhaps has led to these discrepancies. Tieeatice

in these two parameters has dfeet on the minimum mass of the

Figure 10. SALT/HRS RV measurements and derived fit. The blue shading C0mpanion, which in our case is larger @9+ 0.01 M,. We see
around the start of 2018 indicates the time period that SAAGtgmetry no indication of the secondary star in the spectra which ndoa-
was obtained, with the orange shading around the start & 8Baws the sidering the mass function and magnitude ratios, implies tthe
TESS data range. The vertical dashed line in the orangerghegjpresents companion is between mid-F and early-K. In light of this, veeid
atime when an eclipse is expected, if the inclination allows ble checked the light curve to ensure we had not pre-whitened
neglected any other signal which could be attributed to tiva-c
panion. None was found.
initial estimates of the system parameters based on thase pr With the binary solution, we were able to predict the epochs
sented byHartmann & Hatze$2015 and the mass estimate from  of eclipse events using tleorast routine ofEastman et a(2013.
Kochukhov & Bagnulq2006). The results of the fitting process are  The TESS observations coincide with one possible epocheas d
shown in Table. noted by the vertical dashed line in Fif). However, we see no
We find significantly diterent results for most parameters to  evidence of an eclipse in the light curve.
those presented biylartmann & Hatze42015), with only the pe-
riod we derive being similar. Our solution suggests a muclhemo
eccentric orbité = 0.317+ 0.004 compared te = 0.146+ 0.027),
and a much larger velocity semi-amplitude. When inspediigg
ure 3 of Hartmann & Hatzeg2015), it is noted that their orbital The ground based photometric observations of HD 42659 do not
phase coverage is not complete at the very bottom of the itgeloc  unfortunately, provide significantly more information thaas pre-

5 DISCUSSION AND CONCLUSIONS
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8 D.L.Holdsworth et al.

viously known. However, the TESS and spectroscopic dataldo a
to our understanding of the roAp star, and the system as aewhol

The TESS photometric observations are the first data which
allow us to measure the rotation period of this star. Firstedby
Balona et al(2019, we have refined the fit here to arrive at a rota-
tion period of 266265+ 0.00025 d. This finding allows us to shed
some light on the number of nights whibartinez & Kurtz(1994
failed to measure a pulsation; their data, as shown in tablet5
and figure, are separated such that pulsation maximum was oft
not observed, thus the pulsation was below their detecitioit. It
was fortunate that they persevered and obtained goodontaliase
coverage of the star, although they did not know what thatatas
the time.

The TESS data have also allowed us to provide the first mod-
els of the pulsation in HD 42659. We have presented two model
fits to the data and have a preference for the dipole fit as the qu
ity of the fit is better (with a reduceg? of 4.2 rather than 5.8 for
the quadrupole model). However, it is only when consideaiatis-
torted quadrupole mode that we can provide estimates fogehe
ometry and polar magnetic field strength in the star.

Using the stellar rotation period derived here, we can eggm
an equatorial rotation velocity ofeq = 55+ 6kms* using the
value of the radius, calculated with the standard equatioia-
blel. This result, and knowledge of thesinij,. from Elkin et al.
(2008, allows us to independently estimétg at 20:3°. This value
is in agreement with the pulsation modelling results preseear-
lier, and is also in agreement with the results of equatipmhen
considering a dipole mode. We highlight, on Fégthe estimated
values ofij,c from this discussion.

We do not assume that the orbital axis is aligned with rotatio
axis of the Ap star. If our estimate of. = 20+ 3° is correct, and
if the orbital and rotation axes are aligned (ii@. = iom), this leads
to a secondary mass rangeM$ ~ 2.4 — 4.0 M,,. Since we see no
sign of a secondary component in the spectra (see end of#lSec.
an orbital inclination angle o¢ 35 is required, giving a secondary
mass range ofl, ~ 0.7 — 1.4 M.

As discussed earlier, this star has previously been idedtifi
as a possible distorted quadrupole pulsator from its ositi the
Ter — vL/M plane (seeSaio 2014 for details) and its proximity to
other roAp stars pulsating with distorted quadrupole modéof
these stars pulsate above their theoretical acoustiédtequency,
vac. This theoretical limit can be calculated by scaling from$olar
value such that

Ve  M/Mo(Terr/Tenro)*®
L/Lo ’

= 3
Vaco

where v, is taken to be 458d (Jiménez etal. 2091 Using
values from Tabld, we find v, is about 100+ 10d2. This is
significantly lower than the measured pulsation mode freque
(~ 151 d?), thus confirming that HD 42659 is a roAp star pulsat-
ing at a super-critical frequency. Since linear, non-aai@bmod-
els show that the-mechanism can only excite modes close to, but
not beyond, the acoustic cuitdrequency, it is possible that excita-
tion mechanism is not driving the pulsation in HD 42659. Heere
the models do not directly account for the magnetic field Wwhic
plays a significant role in these super-critical pulsatéiserna-
tively, Cunha et al(2013 showed that models where convection is
not suppressed by the magnetic field some super-criticahfiohs
could be driven. If this is the case here, turbulent pressoutd be
the driving mechanism for the pulsation in HD 42659.

HD 42659 is currently the only roAp known to be in a rela-
tively short, spectroscopic, orbit. Other roAp stars, sash Cir

Normalised
Amplitude

.0 0.2 0.4 0.6

Orbital Phase

Q.8 1.0

Figure 11. Top: phased fit of the binary model to the RV measurements.
Bottom: normalised (to the respective maximum value) pimetioic ampli-
tudes of the pulsation mode averaged over the rotation ghefBiloie circles
represent the SAAO results, with orange squares being tI&STHEsults.
The zero point for the phases is chosen to be the time of penggassage,
Tp.

andy Equ (Scholler et al. 201 do have companions, but these
are in wide orbits. HD 42659 allows us to directly probe the in
fluence of binarity on the roAp phenomenon, as suggested by
Hartmann & Hatzeg2015. The TESS data, and our simultane-
ous spectra, allow us to do this for the first time for a roAp.sta
However, there are Ap stars in close binaries that have een s
ied in this way. RecentlySkarka et al(2019 studied HD 99458
both spectroscopically and photometrically. They foundimary
Ap star showings Sct pulsations (i.e., low-overtone p-modes) in
an eclipsing binary with an M-dwarf companion. Clearly thect
pulsations were not suppressed, but the authors did nagtigege
this to its full potential. Furthermore, TESS observatiane un-
covering more Ap stars in short-period eclipsing binanteys, of
which there is currently a dearth (eldathys 2017 and references
within), providing more opportunities to investigate theystems.

The TESS data cover just under a quarter of the binary orbit,
and occur on the approach to periastron passage. The oraage s
ing in Fig.10 shows this visually. For a clearer view of this, we
present a phase folded RV curve in Fig.and below this we plot
the normalised average amplitude of the pulsation, as leaézl
over a rotation cycle. We plot both the SAAO and TESS results i
this way. These amplitudes cannot be directly compared,aaad
normalised to their respective maximum.

The SAAO amplitude results are inconclusive due the the pul-
sation $N and the gaps in the data, which mean we are sampling
different pulsation amplitudes due to the rotation. The TES& dat
do show a trend of-1.0 + 0.7umag d* which is not statistically
significant. Therefore, it is not possible to conclude wketthe
binary companion isféecting the pulsation mode amplitude.

It is unfortunate that the TESS data cover such a small frac-
tion of the orbital phase curve, but this adds further mditive
to obtain high-cadence, high-quality photometric obstions of
HD 42659 at other orbital phases, and especially at apastnene
we currently have no photometric data. Due to the low amgditu
of the mode, and the need for high-precision data, this tasge
a good candidate for the Whole Earth Telescapelljvan 2001
Provencal et al. 2094

TESS observations are enabling us to find new roAp stars,
and reclassify known Ap stars which were thought to be comsta
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from ground-based observations as varialfleir(ha et al. 2019
Balona et al. 2010 Those targets are prime candidates to perform
long-term spectroscopic studies to search for binary comopa
which may dfect any pulsation mode amplitudes.

ACKNOWLEDGEMENTS

We thank the anonymous referee for a useful comments and sug-

gestions. DLH and DWK acknowledge financial support from the
STFC via grant SM0008771. This paper uses observations made
at the South African Astronomical Observatory (SAAO). Some
of the observations reported in this paper were obtained wit
the Southern African Large Telescope (SALT) under prograsim
2018-2-SCI-016 and 2017-2-SCI-013, PI: Holdsworth. Tlipgr
includes data collected by the TESS mission. Funding foT th®S
mission is provided by the NASA Explorer Program. Funding fo
the TESS Asteroseismic Science Operations Centre is mog
the Danish National Research Foundation (Grant agreen@ent n
DNRF106), ESA PRODEX (PEA 4000119301) and Stellar Astro-
physics Centre (SAC) at Aarhus University.

REFERENCES

Babcock H. W., 1960ApJ, 132, 521

Balmforth N. J., Cunha M. S., Dolez N., Gough D. O., Vauclair 201,
MNRAS, 323, 362

Balona L. A., Holdsworth D. L., Cunha M. S., 20lNRAS, 487, 2117

Bigot L., Dziembowski W. A., 2002A&A , 391, 235

Bigot L., Kurtz D. W., 2011 A&A , 536, A73

Blanco-Cuaresma S., 2019INRAS, 486, 2075

Blanco-Cuaresma S., Soubiran C., Heiter U., Jofré P., 204&A ,
569, Al11

Bramall D. G., et al., 2010, in Ground-based and Airbornérimsentation
for Astronomy Ill. p. 77354Fd0i:10.111712.856382

Buckley D. A. H., Swart G. P., Meiring J. G., 2006, in Society o
Photo-Optical Instrumentation Engineers (SPIE) Confeze®eries. p.
626702,d0i:10.111712.673750

Carrier F., North P., Udry S., Babel J., 20@&A , 394, 151

Coppejans R., et al., 201BASR, 125, 976

Crause L. A, et al., 2014, in Ground-based and Airborneunséntation
for Astronomy V. p. 91476Td0i:10.111712.2055635

Cunha M. S., 2002MINRAS, 333, 47

Cunha M. S., Alentiev D., Brandao I. M., Perraut K., 20MNRAS,
436, 1639

Cunha M. S,, et al., 2019NRAS, p. 1479

Eastman J., Gaudi B. S., Agol E., 20B\ SR, 125, 83

Elkin V., Kurtz D. W., Mathys G., 2008, Contributions of thes#tonomical
Observatory Skalnate Plest8, 317

Elkin V. G., Mathys G., Kurtz D. W., Hubrig S., Freyhammer L. ,\2010,
MNRAS, 402, 1883

Gaia Collaboration 2018, VizieR Online Data Catalpgl/345

Hartmann M., Hatzes A. P., 2018&A , 582, A84

Hey D. R., et al., 2019NRAS, p. 1552

Hag E., et al., 2000, A&A355, L27

Holdsworth D. L., Kurtz D. W., Smalley B., Saio H., Handler, ®urphy
S. J., Lehmann H., 2018/NRAS, 462, 876

Holdsworth D. L., et al., 2018&NRAS, 473, 91

Holdsworth D. L., Saio H., Bowman D. M., Kurtz D. W., Sefako R.,
Joyce M., Lambert T., Smalley B., 20184NRAS, 476, 601

Holdsworth D. L., Saio H., Sefako R. R., Bowman D. M., 2018&\RAS,
480, 2405

Houk N., Smith-Moore M., 1988, Michigan Catalogue of Twaordnsional
Spectral Types for the HD Stars. Volume 4, Declinatior26.0 to
-12.0.. \Vol. 4

Multi-instrument observationsof HD 42659 9

Hubrig S., North P, Scholler M., Mathys G., 2006,
Astronomische Nachrichte27, 289
Jenkins J. M., et al, 2016, in Proc. SPIE. p. 99133E,

doi:10.111712.2233418

Jiménez A., Garcia R. A., Pallé P. L., 20BpJ, 743, 99

Joshi S., etal., 201&&A , 590, A116

Kniazev A. Y., Gvaramadze V. V., Berdnikov L. N., 2018NRAS,
459, 3068

Kniazev A. Y., Gvaramadze V. V., Berdnikov L. N., 2017, in Bga VY. Y.,
Kudryavtsev D. O., Romanyuk I. I., Yakunin I. A., eds, Astoonical
Society of the Pacific Conference Series Vol. 510, StarsnRZollapse
to Collapse. p. 480afrXiv:1612.00292)

Kochukhov O., Bagnulo S., 2008&A , 450, 763

Kurtz D. W., 1978, Information Bulletin on Variable Stai36

Kurtz D. W., 1982 MNRAS, 200, 807

Kurtz D. W., 1985 MNRAS, 213, 773

Kurtz D. W., Shibahashi H., Goode P. R., 1990, MNRA87, 558

Landstreet J. D., Kochukhov O., Alecian E., Bailey J. D., M&sS., Neiner
C., Wade G. A., BINaMIcS Collaboration 201&&A , 601, A129

Martinez P., Kurtz D. W., 1994INRAS, 271, 118

Martinez P., Kurtz D. W., Ashley R., 1993, Information Buifeon Variable
Stars,3844

Mathys G., 2015, in Balega Y. Y., Romanyuk I. |., Kudryavtsev O.,
eds, Astronomical Society of the Pacific Conference Serws494,
Physics and Evolution of Magnetic and Related Stars. p. 3

Mathys G., 2017A&A , 601, A14

Medupe R., Kurtz D. W., 1998VINRAS, 299, 371

Provencal J. L., Shipman H. L., Montgomery M. H., WET Team4£@on-
tributions of the Astronomical Observatory Skalnate PldSo 524

Ricker G. R., etal., 20150ournal of Astronomical Telescopes, Instruments, an(&y:s;t

1, 014003

Ryabchikova T., Sachkov M., Kochukhov O., Lyashko D., 208&A ,
473, 907

Saio H., 20056MNRAS, 360, 1022

Saio H., 2014, in Guzik J. A., Chaplin W. J., Handler G., PsgulA., eds,
IAU Symposium Vol. 301, Precision Asteroseismology. pp -1314
(arXiv:1309.7251), doi:10.101751743921313014324

Saio H., Gautschy A., 2008NRAS, 350, 485

Scholler M., Correia S., Hubrig S., Kurtz D. W., 2018&A , 545, A38

Shibahashi H., Saio H., 1985a, PAS3, 245

Shibahashi H., Saio H., 1985b, PASY, 601

Shibahashi H., Takata M., 1993, PA83, 617

Skarka M., et al., 201INRAS, p. 1415

Smalley B., et al., 2013yINRAS, 452, 3334

Sousa S. G., Cunha M. S., 2008NRAS, 386, 531

Stepien K., 2000, A&A353, 227

Sullivan D. J., 2001, in Provencal J. L., Shipman H. L., ManBid J.,
Goodchild S., eds, Astronomical Society of the Pacific Caarfee Se-
ries Vol. 226, 12th European Workshop on White Dwarfs. p. 417

Wang Sharon X., et al., 2012pJ, 761, 46

Wolff S. C., 1968PASR 80, 281

Wolff S. C., 1983, The A-stars: Problems and perspectives. Mapbgr
series on nonthermal phenomena in stellar atmospheresANRSC.
Publ., NASA SP-463

Wright J. T., Howard A. W., 200%pJS 182, 205

/Iop/10B.11Sqe-0[0I1B-80UBADPE/SEIUW/WOO dNo-olWwapeoe//:sdiy woll papeojumoq

6102 Joquialdag 0 UO Josn aiiyseou.T [euaD Jo AISIoAuN AQ 9GZ85GS/61 F2ZIS/SeIuW/E60 L’


http://dx.doi.org/10.1086/146960
https://ui.adsabs.harvard.edu/abs/1960ApJ...132..521B
http://dx.doi.org/10.1046/j.1365-8711.2001.04182.x
https://ui.adsabs.harvard.edu/abs/2001MNRAS.323..362B
http://dx.doi.org/10.1093/mnras/stz1423
https://ui.adsabs.harvard.edu/abs/2019MNRAS.487.2117B
http://dx.doi.org/10.1051/0004-6361:20020824
https://ui.adsabs.harvard.edu/abs/2002A&A...391..235B
http://dx.doi.org/10.1051/0004-6361/201116981
https://ui.adsabs.harvard.edu/abs/2011A%26A...536A..73B
http://dx.doi.org/10.1093/mnras/stz549
https://ui.adsabs.harvard.edu/abs/2019MNRAS.486.2075B
http://dx.doi.org/10.1051/0004-6361/201423945
https://ui.adsabs.harvard.edu/abs/2014A%26A...569A.111B
http://dx.doi.org/10.1117/12.856382
http://dx.doi.org/10.1117/12.673750
http://dx.doi.org/10.1051/0004-6361:20021122
https://ui.adsabs.harvard.edu/abs/2002A&A...394..151C
http://dx.doi.org/10.1086/672156
http://adsabs.harvard.edu/abs/2013PASP..125..976C
http://dx.doi.org/10.1117/12.2055635
http://dx.doi.org/10.1046/j.1365-8711.2002.05377.x
https://ui.adsabs.harvard.edu/abs/2002MNRAS.333...47C
http://dx.doi.org/10.1093/mnras/stt1679
https://ui.adsabs.harvard.edu/abs/2013MNRAS.436.1639C
http://dx.doi.org/10.1093/mnras/stz1332
https://ui.adsabs.harvard.edu/abs/2019MNRAS.tmp.1479C
http://dx.doi.org/10.1086/669497
https://ui.adsabs.harvard.edu/abs/2013PASP..125...83E
https://ui.adsabs.harvard.edu/abs/2008CoSka..38..317E
http://dx.doi.org/10.1111/j.1365-2966.2009.16015.x
https://ui.adsabs.harvard.edu/abs/2010MNRAS.402.1883E
https://ui.adsabs.harvard.edu/abs/2018yCat.1345....0G
http://dx.doi.org/10.1051/0004-6361/201425320
https://ui.adsabs.harvard.edu/abs/2015A&A...582A..84H
http://dx.doi.org/10.1093/mnras/stz1633
https://ui.adsabs.harvard.edu/abs/2019MNRAS.tmp.1552H
https://ui.adsabs.harvard.edu/abs/2000A&A...355L..27H
http://dx.doi.org/10.1093/mnras/stw1711
http://adsabs.harvard.edu/abs/2016MNRAS.462..876H
http://dx.doi.org/10.1093/mnras/stx2401
http://adsabs.harvard.edu/abs/2018MNRAS.473...91H
http://dx.doi.org/10.1093/mnras/sty248
https://ui.adsabs.harvard.edu/abs/2018MNRAS.476..601H
http://dx.doi.org/10.1093/mnras/sty2039
https://ui.adsabs.harvard.edu/abs/2018MNRAS.480.2405H
http://dx.doi.org/10.1002/asna.200610535
https://ui.adsabs.harvard.edu/abs/2006AN....327..289H
http://dx.doi.org/10.1117/12.2233418
http://dx.doi.org/10.1088/0004-637X/743/2/99
https://ui.adsabs.harvard.edu/abs/2011ApJ...743...99J
http://dx.doi.org/10.1051/0004-6361/201527242
https://ui.adsabs.harvard.edu/abs/2016A%26A...590A.116J
http://dx.doi.org/10.1093/mnras/stw889
https://ui.adsabs.harvard.edu/abs/2016MNRAS.459.3068K
http://arxiv.org/abs/1612.00292
http://dx.doi.org/10.1051/0004-6361:20054596
https://ui.adsabs.harvard.edu/abs/2006A&A...450..763K
https://ui.adsabs.harvard.edu/abs/1978IBVS.1436....1K
http://dx.doi.org/10.1093/mnras/200.3.807
https://ui.adsabs.harvard.edu/abs/1982MNRAS.200..807K
http://dx.doi.org/10.1093/mnras/213.4.773
http://adsabs.harvard.edu/abs/1985MNRAS.213..773K
http://adsabs.harvard.edu/abs/1990MNRAS.247..558K
http://dx.doi.org/10.1051/0004-6361/201630233
https://ui.adsabs.harvard.edu/abs/2017A%26A...601A.129L
http://dx.doi.org/10.1093/mnras/271.1.118
http://adsabs.harvard.edu/abs/1994MNRAS.271..118M
http://adsabs.harvard.edu/abs/1993IBVS.3844....1M
http://dx.doi.org/10.1051/0004-6361/201628429
https://ui.adsabs.harvard.edu/abs/2017A&A...601A..14M
http://dx.doi.org/10.1046/j.1365-8711.1998.01772.x
http://adsabs.harvard.edu/abs/1998MNRAS.299..371M
http://adsabs.harvard.edu/abs/2014CoSka..43..524P
http://dx.doi.org/10.1117/1.JATIS.1.1.014003
https://ui.adsabs.harvard.edu/abs/2015JATIS...1a4003R
http://dx.doi.org/10.1051/0004-6361:20077230
https://ui.adsabs.harvard.edu/abs/2007A%26A...473..907R
http://dx.doi.org/10.1111/j.1365-2966.2005.09091.x
http://ukads.nottingham.ac.uk/abs/2005MNRAS.360.1022S
http://arxiv.org/abs/1309.7251
http://dx.doi.org/10.1017/S1743921313014324
http://dx.doi.org/10.1111/j.1365-2966.2004.07659.x
https://ui.adsabs.harvard.edu/abs/2004MNRAS.350..485S
http://dx.doi.org/10.1051/0004-6361/201118538
https://ui.adsabs.harvard.edu/abs/2012A&A...545A..38S
https://ui.adsabs.harvard.edu/abs/1985PASJ...37..245S
https://ui.adsabs.harvard.edu/abs/1985PASJ...37..601S
https://ui.adsabs.harvard.edu/abs/1993PASJ...45..617S
http://dx.doi.org/10.1093/mnras/stz1478
https://ui.adsabs.harvard.edu/abs/2019MNRAS.tmp.1415S
http://dx.doi.org/10.1093/mnras/stv1515
https://ui.adsabs.harvard.edu/abs/2015MNRAS.452.3334S
http://dx.doi.org/10.1111/j.1365-2966.2008.13062.x
https://ui.adsabs.harvard.edu/abs/2008MNRAS.386..531S
https://ui.adsabs.harvard.edu/abs/2000A%26A...353..227S
http://dx.doi.org/10.1088/0004-637X/761/1/46
https://ui.adsabs.harvard.edu/abs/2012ApJ...761...46W
http://dx.doi.org/10.1086/128630
https://ui.adsabs.harvard.edu/abs/1968PASP...80..281W
http://dx.doi.org/10.1088/0067-0049/182/1/205
https://ui.adsabs.harvard.edu/abs/2009ApJS..182..205W

	Introduction
	HD42659
	Photometry
	The 2017 SAAO observations
	TESS observations

	Spectroscopy
	Radial velocity measurements

	Discussion and conclusions

