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ABSTRACT
We present the results of a study of a large sample of A and Am stars with spectral types from
Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST) and light curves from
Wide Area Search for Planets (WASP). We �nd that, unlike normal A stars, � Sct pulsations
in Am stars are mostly con�ned to the effective temperature range 6900 < Teff < 7600 K. We
�nd evidence that the incidence of pulsations in Am stars decreases with increasing metallicism
(degree of chemical peculiarity). The maximum amplitude of the pulsations in Am stars does
not appear to vary signi�cantly with metallicism. The amplitude distributions of the principal
pulsation frequencies for both A and Am stars appear very similar and agree with results
obtained from Kepler photometry. We present evidence that suggests turbulent pressure is
the main driving mechanism in pulsating Am stars, rather than the �-mechanism, which is
expected to be suppressed by gravitational settling in these stars.

Key words: asteroseismology � techniques: photometric � stars: chemically peculiar � stars:
oscillations � stars: variables: � Scuti.

1 INTRODUCTION

The metallic-lined (Am) stars are a subset of the A-type stars
that exhibit weak calcium K lines and enhanced iron-group spec-
tral lines compared to their hydrogen-line spectral type (Titus &
Morgan 1940; Roman, Morgan & Eggen 1948). They are further
divided into classical and marginal Am stars. The spectral types ob-
tained from the calcium K line (k) and iron-group elements (m) in
classical Am stars differ by at least �ve spectral sub-types, whereas
in the marginal Am stars the difference is less. There are also the
�hot� Am stars with spectral types around A0�A3, such as Sirius
(Kohl 1964). As a group the Am stars rotate relatively slowly, which
is thought to be a requisite condition for their chemical peculiarities
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due to radiative diffusion (Michaud 1970). Many of the Am stars
are in relatively short-period binary systems (Abt 1967; Carquil-
lat & Prieur 2007; Smalley et al. 2014) and tidal synchronization
is thought to be responsible for the observed low rotation rates in
most Am stars (Abt & Moyd 1973; Wolff 1983). The results of
the binarity studies indicate that there are some apparently single
Am stars that were presumably born with slow rotation (Smalley
et al. 2014; Balona et al. 2015a).

For many years, it was thought that classical Am stars did not
pulsate (Breger 1970; Kurtz 1976) due to the gravitational settling of
helium from the He II ionization zone where the �-mechanism drives
the pulsation of � Sct stars (e.g. Aerts, Christensen-Dalsgaard &
Kurtz 2010). However, over time evidence emerged that some Am
stars pulsate (e.g. Kurtz 1989; Henry & Fekel 2005). Recent studies
using Kepler and Wide Area Search for Planets (WASP) photometry
(Balona et al. 2011; Smalley et al. 2011) have found that a signi�cant
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Figure 1. The percentage incidence of Am stars as a function of Teff. The
distribution given by Smith (1973) has been transformed from his b � y to
Teff using the uvby grids of Smalley & Kupka (1997).

fraction of Am stars do pulsate, but with a suspicion that they may
do so at smaller amplitudes than the normal abundance � Sct stars.

The Large Sky Area Multi-Object Fiber Spectroscopic Telescope
(LAMOST; Zhao et al. 2012) survey is providing a large catalogue of
low-resolution stellar spectra. These are being automatically �tted to
provide a homogeneous determination of stellar parameters for A, F,
G and K stars: effective temperature (Teff) and surface gravity (log g)
(Wu et al. 2011). Hou et al. (2015) presented a list of candidate Am
stars using LAMOST data release 1 (DR1) spectra (Luo et al. 2015).
From the 38 485 A and early-F stars in their LAMOST sample, they
identi�ed 3537 Am candidates and gave k and m spectral types.

The � index presented by Hou et al. (2015) is de�ned as the
numerical difference in the k and m spectral types. This value is
used as the metallicism index in this study to separate classical Am
stars from the marginal ones. Values of � � 5 are indicative of
classical Am stars, while we use 1 � � < 5 for marginal Am stars.
Fig. 1 shows that the incidence of Am stars in this study as a function
of Teff is consistent with the earlier study of Smith (1973) and that
the marginal and classical distributions are somewhat bimodal, with
classical Am stars prevalent at lower temperature. As also seen in
Smith (1973), the incidence of Am stars drops dramatically for stars
cooler than Teff � 7000 K.

In this work, we present the results of a search of the A and
early-F stars in the LAMOST DR1, as used by Hou et al. (2015)
in their search for Am stars, which have suf�cient WASP (Pollacco
et al. 2006) photometry to obtain the pulsation characteristics of the
sample. The sample also allows for the investigation of pulsation
incidence as a function of metallicism. In the context of this study,
the A and early-F stars not listed as Am candidates will be referred
to as �other A stars� rather than �normal� A and F stars, since the
sample contains a contribution from other chemically peculiar stars,
e.g. Ap and � Boo stars (e.g. Wolff 1983).

2 SAMPLE SELECTION

The WASP project has been surveying the sky for transiting extra-
solar planets using two robotic telescopes, one at the Observatorio
del Roque de los Muchachos on the island of La Palma in the
Canary Islands, and the other at the Sutherland Station, South
African Astronomical Observatory. Both telescopes consist of an ar-
ray of eight 200-mm, f/1.8 Canon telephoto lenses and Andor CCDs,
giving a �eld of view of 7.�8 × 7.�8 and pixel size of around 14 arcsec.
The observing strategy is such that each �eld is observed approx-
imately every 10 min, on each observable night. WASP provides

good-quality photometry with a precision better than 1 per cent per
observation in the approximate magnitude range 9 � V � 12.

The WASP data reduction pipeline is described in detail in Pol-
lacco et al. (2006). The aperture-extracted photometry from each
camera on each night is corrected for primary and secondary extinc-
tion, instrumental colour response and system zero-point relative
to a network of local secondary standards. The resultant pseudo-
V magnitudes are comparable to Tycho V magnitudes. Additional
systematic errors affecting all the stars are identi�ed and removed
using the SYSREM algorithm of Tamuz, Mazeh & Zucker (2005).

For this study, the WASP archive was searched for light curves of
stars with coordinates coincident with those of the LAMOST spec-
tra to within 10 arcsec and with the requirement that at least 1000
photometric data points were available. Following the procedures
of Smalley et al. (2011) and Holdsworth et al. (2014), amplitude
spectra were calculated using the fast computation of the Lomb
periodogram method of Press & Rybicki (1989) as implemented in
the Numerical Recipes FASPER routine (Press et al. 1992). The peri-
odograms were calculated covering the frequency range 0�150 d�1

for 30 282 stars in the LAMOST DR1 sample. Each periodogram
was automatically searched for amplitude peaks with a signal-to-
noise ratio (SNR) greater than 4 relative to the median background
amplitude noise level and a false alarm probability (FAP) less than
0.1. For a peak to be deemed real, it must be present in more than
one season of WASP photometry and have the same frequency to
within the Rayleigh criterion (�0.01 d�1).

The diurnal gaps between successive observing nights introduce
considerable sampling aliases in the amplitude spectra of most
WASP light curves. Peaks which had a frequency within a Rayleigh
criterion of the sidereal day frequency were rejected. Alias peaks
due to frequencies n times the sidereal day frequency were also
rejected, but with the Rayleigh criterion reduced by

�
n. This

�
n

reduction was obtained empirically, based on an examination of
all the peaks found in the sample, and models the diminishing fre-
quency width of an alias peak above the background noise level as
n increases. This considerably reduced the number of false-positive
frequencies selected, but did not completely eliminate them. In ad-
dition, the same empirical relationship was used to remove the day
aliasing of other found frequencies.

As the WASP pixels are relatively large, blending can be an issue,
especially for fainter targets. By applying a requirement that no
target shall be blended by more than 20 per cent within a 64 arcsec
radius, the number of stars in the sample was reduced to 10 525,
with 864 (9.3 per cent) being from the Hou et al. (2015) Am star
list. The blending calculation was performed using the R magnitude
photometry given in the Naval Observatory Merged Astrometric
Dataset catalogue (Zacharias et al. 2004).

Of the 10 525 stars in our sample, around 1500 were identi�ed
as pulsation candidates. These were subjected to a separate more
intensive analysis, involving a non-linear least-squares sinusoidal �t
to the individual light curves, in order to obtain the frequencies and
amplitudes of the signals present. In this work, the term amplitude
refers to the semi-amplitude and not the peak-to-peak light variation.
Up to a maximum of �ve frequency�amplitude pairs were selected;
fewer if the FAP rose above 0.1. Finally, the stars were visually
inspected with PERIOD04 (Lenz & Breger 2005) to con�rm their
variability characteristics.

The detection threshold for WASP data was estimated by Smalley
et al. (2011) to be around 1 mmag. A more in-depth study by
Holdsworth (2015) con�rmed this and provided limits as a function
of stellar magnitude. Fig. 2 shows the WASP median periodogram
background noise at 10 d�1, where the noise level is taken as the
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