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1 Introduction

RR Lyrae stars are old, usually metal-poor, population II stars, currently evolving on the
horizontal branch, and crossing the classical instability strip. Most of them, the RRab
stars, pulsate in the fundamental mode and have well recognisable light curves, with
a very short and steep ascending branch and a long descending branch that often, but
not always, exhibits a strong bump feature before reaching minimum light. First-overtone
pulsators, members the RRc subclass, display a comparatively more sinusoidal light curve
that is usually less asymmetric, and often features a notable depression, or hump, before
maximum light. (Quasi-continuous observations of space photometric missions provided
numerous textbook examples of RR Lyrae light curves: we refer the reader to the works
by Benkd et al. 2010, 2014, Moskalik et al. 2015, Nemec et al. 2011, Szabé et al. 2014,
and references therein.)

The light curve shape of RR Lyrae stars strongly depends on the physical parameters of
the star, therefore photometric data can be exploited to derive those properties. Jurcsik
& Kovacs (1996, JK96 hereafter) derived a formula to calculate the [Fe/H] indices of
RRab stars from the pulsation period and the ¢3; Fourier coefficients, defined as the
¢31 = ¢3 — 3¢y relative phase difference by Simon & Lee (1981). A similar relation was
determined for RRec stars by Morgan et al. (2007), and later modified by Nemec et al.
(2013), who also provided an updated formula for RRab stars observed in the passband
of the Kepler space telescope. We note that the accuracy of the JK96 formula is limited
for very low- and high-metallicity stars (see, e.g., Nemec et al. 2013).

While most RR Lyrae stars are metal-poor, with negative [Fe/H] indices (see, e.g. Feast
et al. 2008), some may reach metallicities close to solar, such as AV Peg (-0.08), RW TrA
(-0.13) from the HIPPARCOS sample (Feast et al. 2008) or V839 Cyg (—0.05 £ 0.14)
and V784 Cyg (—0.05+0.10) in the original Kepler sample (Nemec et al. 2013). Another
interesting example is the short-period, high-metallicity star TV Lib (with (P = 0.26962 d,
and [Fe/H| = —0.17) that nevertheless displays very characteristic RRab light variations
(Clube et al. 1969, Kovécs 2005).
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During the target search for the K2 mission of the Kepler space telescope (Howell
et al. 2014; Plachy et al. 2016) we encountered one star, V397 Gem, whose photometric
metallicity appeared to be extremely high, [Fe/H] = 0.42, based on the NSVS light curve
(Northern Sky Variability Survey, Hoffmann et al. 2009) and the original formula of JK96.
V397 Gem also displayed a very short pulsation period of P = 0.294 d, considering that
it was classified as an RRab star by Wils et al. (2006). After a literature search, we found
three more examples in the measurements of the All-Sky Automated Sky Survey (ASAS),
based on the work of Szczygiel et al. (2009). All three stars were classified as RRab ones,
have short periods (between 0.3-0.35 d) and [Fe/H] indices consistently above +0.5, based
on methods of both JK96 and Sandage (2004). The folded light curves of the four stars
are displayed in Fig. 1.

The apparently extremely high metallicity suggests that these stars cannot be RRab
stars, and the calculated values are simply erroneous. Alternate possibilities include high-
amplitude § Scuti stars; their rare, high-mass variants, the AC And-type pulsators; and
RRe stars with unusually asymmetric, sawtooth-like light curves that mislead the (semi-
Jautomated classification schemes of the surveys. In this paper we examine whether these
objects could be misclassified RRc stars.
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Figure 1. Folded light curves of the four RR Lyrae stars. Data were obtained by the NSVS survey for
V397 Gem, and by the ASAS survey for the other three stars.



IBVS 6175 3

2 Photometric metallicities

As a first step, we recalculated the photometric [Fe/H] incides of the stars, using equation
(4) of Nemec et al. (2013) which is an adjusted version of the Morgan et al. (2007) relation,
with the addition of four RRc stars observed by Kepler during the original mission. In all
four cases we derived indices typical of RR Lyrae stars, between —1.70 and —2.14. One of
the four stars, M'T Tel was actually known to be a first-overtone star, but even Przybylski
(1967) mentioned in the discovery paper that the star displayed an unusually asymmetric
light curve for an RRc star. Our value, [Fe/H] = —1.97, agrees relatively well with the
one derived by Feast et al. (2008) who calculated it to be —1.85. These findings suggest
(although do not prove) that the stars are potentially misclassified in the works of Wils
et al. (2006) and Szczygiet et al. (2009), rather than being extremely metal-rich ones.

Table 1: Properties of the four RR Lyrae stars. [Fe/H]grrab and [Fe/H]rre columns are the photometric
metallicity values obtained from the equations for fundamental-mode and first-overtone stars, respectively.

Name R As00 Decagoo V Period [Fe/H]grap [Fe/H|rgre
h:m:s d:m:s mag d

V397 Gem 06:22:44.3 +18:31:53.4 12.1 0.28669 0.42 —1.70

MT Tel 19:02:12.0  -46:39:11.9 894 0.31690 0.66/1.04 —1.97

JO75127-4136.3 07:51:27.4 —41:36:17.9 11.86 0.33572 0.95/1.13 —2.11

J091803-3022.6 09:17:59.6 —30:23:34.0 12.06 0.34529 1.51/0.85 —2.14

3 Fourier coefficients

We calculated the various Fourier coefficients of the four stars and plotted them against

the OGLE-IV bulge sample and a collection of RRab stars observed by the ASAS and

SuperWASP surveys in Fig. 2 (Skarka 2014). The OGLE data, published by Soszyriski

et al. (2014), were collected in the I band, and we converted their coefficients to V with

the conversion formulae of Morgan et al. (1998). We note that the ¢ indices indicate that

here the ¢, and ¢3; phase differences were converted to cosine-based Fourier parameters:
51 = ¢35 +7/2 and ¢ = ¢5 — .

We also highlighted three known high-metallicity stars in the plot with black circles for
comparison with the stars we found. The two longer-period ones, RW TrA and AV Peg,
fall into the RRab loci in all four plots. The third one, TV Lib, has already been known
as a very peculiar star, especially because of its very short period, and it is an outlier in
three out of four panels here too.

Based on the positions of the four stars, we can summarise tour findings as follows:

e V397 Gem, the star with the shortest period out of the four, falls into the region that
is populated, sparsely, by both classes. Based on the Fourier coefficients alone, the
classification of this star is still uncertain. Together with the photometric metallicity
values, the RRc classification is more plausible, but not definitive.

e MT Tel is also close to the overlapping region in three out of four panels, but the
low ¢§; confirms that it is an RRc star, albeit an unusual one, as it has been already
established in previous works.
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e ASAS J075127-4136.3 is another star that falls into the overlapping either-or region
in the first three panels. The photometric metallicity and the ¢, value together
suggest that the star is likely a first overtone pulsator rather than a fundamental-
mode one, but our classification is uncertain.

e ASAS J091803-3022.6, the star with the longest period and lowest Ro; ratio, falls
squarely into the RRc loci, confirming that it is indeed a first-overtone star.

We note that the classification of the OGLE-IV observations was based on fitting light
curve templates typical of the RRab and RRc classes to the data. Hence it is entirely
possible that some stars with highly asymmetric, sawtooth-like, short-period variations,
similar to the ones shown in Fig. 1, were identified as RRab stars in that sample too.
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Figure 2. Fourier coefficients of bulge RRab (light blue) and RRc (orange) stars from OGLE-IV, field
RRab stars (dark blue), and the four stars from this paper (red). Known high-metallicity RRab stars
are marked with black circles. Uncertainties for the OGLE-IV data were not provided.

4 Conclusions

The analysis of these four stars highlights the limits of the photometric methods in variable
star classification. Out of the four stars we examined, MT Tel was already known to be
an RRc star, yet the classification scheme of ASAS labeled it as a fundamental-mode star.
We showed that another star, ASAS J091803-3022.6 was also misclassified and is in fact
an RRc star, but in this case the error be plausibly attributed to the low photometric
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quality of the ASAS data. In both cases the reclassification also provided us with [Fe/H]
indices that are common for RR Lyrae stars, instead of the apparently extremely high
(and therefore likely erroneous) values calculated by Szczygiel et al. (2009).

The case of the other two stars, V397 Gem and ASAS J075127-4136.3, is less simple.
The period—Fourier-coefficient parameter space contains multiple outlier points, from both
subclasses: V397 Gem and ASAS J075127-4136.3 are prime examples of these stars (as is
TV Lib). While we prefer the RRe classification for both stars, spectroscopic observations
will be needed to decide between the two, very different [Fe/H] indices we obtained from
photometry. We also note that in the case of V397 Gem, high-precision photometry from
the Kepler space telescope might be able to help, as the low-amplitude additional mode
content of RRec and RRab stars are different (see, e.g., Benké et al. 2014, Moskalik et al.
2015, Molnar 2016) but the investigation of the K2 data will be part of a separate study.
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