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ABSTRACT

Context. We used high-quality Kepler photometry and spectroscopic data to investigate the Kepler target and binary candidate
KIC 005988140.
Aims. We aim to interpret the observed variations of KIC 005988140 by considering three possible scenario’s: binarity, co-existence
of δ Sct- and γ Dor-type oscillations, and rotational modulation due to stellar surface spots.
Methods. We used the spectrum synthesis method to derive the fundamental parameters Teff , log g, [M/H], and v sin i from the newly
obtained high-resolution, high S/N spectra. Frequency analyses of both the photometric and the spectroscopic data were performed.
Results. The star has a spectral type of A7.5 IV-III and a metallicity slightly lower than that of the Sun. Both Fourier analyses reveal
the same two dominant frequencies f1 =2f2 =0.688 and f2 =0.344 d−1 . On top of that, we detected the signal of nine more significant
frequencies located in the typical δ Sct range in the photometry. The light and radial velocity curves have a similar double-wave shape
and are not exactly in anti-phase.
Conclusions. Both curves follow a stable double-wave pattern with a relative phase shift of about 0.1 period between the moment of
minimum velocity and that of maximum light. Such findings are not compatible with the star being a binary system.We propose that
the physical cause of the observed light and radial velocity variations is the simultaneous occurrence of pressure modes and stellar
rotation coupled to inhomogeneities on the surface of this late A-type star.
Key words. Asteroseismology – Kepler – Stars: variable: δ Sct – Stars: atmospheres – Stars: abundances – Stars: rotation – Stars:
individual: HD 188774

1. Introduction
The NASA exoplanet search mission Kepler, launched in 2009,
is currently changing our views about pulsating stars and asteroseismology thanks to the collection of light curves on all kinds
of variable stars. The nearly continuous time series with micromagnitude precision opens up opportunities for high-quality
and in-depth asteroseismic studies with unprecedented detail
(Jenkins et al. 2010; Chaplin et al. 2011; Bedding et al. 2011;
Beck et al. 2011).
A first general characterization of the pulsational behaviour
of 750 candidate A-F type stars with magnitudes between 6 and
15 mag observed by Kepler has been performed by Uytterhoeven
et al. (2011b). In this study, 63% of the sample was assigned to
one of three main classes of pulsating A-F type stars: 27% are
classified as δ Sct stars (203 stars), 23% as hybrid pulsators exhibiting δ Sct- and γ Dor-type oscillations (171 stars), and 13%
as γ Dor stars (100 stars). The remaining stars were classified as
⋆
Based on data gathered with NASA’s Discovery mission Kepler and
with the Hermes spectrograph, installed at the Mercator Telescope, operated on the island of La Palma by the Flemish Community, at the
Spanish Observatorio del Roque de los Muchachos of the Instituto de
Astrofı́sica de Canarias, and with the 2-m Alfred-Jensch-Telescope of
the Thüringer Landessternwarte Tautenburg.

rotationally modulated/active stars, binaries, or stars that show
no clear periodic variability. The majority of the hybrid pulsators shows frequencies with all kinds of periodicities within
the γ Dor and δ Sct range, which is a challenge for the current
models. Uytterhoeven et al. (2011b) also found indications for
the existence of δ Sct and γ Dor stars beyond the edges of the
current theoretical instability strips.
Ground-based follow-up observations of the Kepler targets
have been organized (see e.g. Uytterhoeven et al. 2011a) with
the goal to obtain precise fundamental parameters needed for
the seismic modeling of pulsating stars. A first sub-sample of
A-F type stars has been recently presented by Catanzaro et al.
(2011).
We focus here on the Kepler target KIC 005988140
(HD 188774, mag 8.852). In the study by Uytterhoeven et al.
(2011b), this late A/early F-type star is classified as a binary with
δ Sct pulsations. At least 12% of the entire sample was identified
as belonging to a binary or a multiple system. We further remark
that its light curve closely resembles that of KIC 09664869 (see
Fig.5 in Uytterhoeven et al. 2011b) which is in turn classified as
a hybrid pulsator of the middle type, i.e. neither of dominating
δ Sct type nor of dominating γ Dor type. Catanzaro et al. (2011)
investigated KIC 005988140 based on low and medium resolution spectroscopic data and reported the fundamental parame1
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ters to be as follows: Teff =7 451 K, log g=3.54, and [M/H]=–
0.54 dex. In this study, we use newly obtained, high-resolution
spectra of KIC 005988140 to investigate its radial velocity (RV)
curve and to re-determine its fundamental parameters, with the
goal to identify the possible causes of the observed photometric
and spectroscopic variations.

Table 1. Fundamental parameters and their uncertainties as derived
from the mean spectrum. The KIC parameters are listed for comparison.
[M/H]

Teff (K)

log g

+0.05
+0.12
–0.30−0.05
7600+30
−30 3.39−0.12

this paper
+1.5
52.0−1.5

+0.50
+0.50
–0.54−0.50
7451+200
−200 3.54−0.50

KIC
—

2. Observations
Our analysis is based on high-quality photometric and spectroscopic data. The light curves have been gathered by the Kepler
satellite in the so-called Long Cadence mode (with a time resolution of 29.4 min.). The Kepler data are made available in
quarters, i.e. periods between two spacecraft rolls. The (uncorrected) data of different quarters have different zero-points and
suffer from instrumental drift which may vary from quarter to
quarter. To correct for these, we used a package of Fortran routines (kindly made available by L. Balona), which removes the
jumps between the quarters and the drifts in an automatic way.
The processed data represent normalized relative intensities expressed in parts per thousand (ppt). Using this procedure may
affect some of the lowest frequencies found in a period-search
analysis. Balona (2011) tested this assumption and concluded
that the frequencies above 0.1 d−1 are not affected, while the
amplitudes of those below 0.1 d−1 may change slightly. For
this case study, we analyzed the Kepler data from seven different quarters, i.e. Q0-Q2,Q4-Q6,Q8, which resulted in 22 234
measurements in total and from which we extracted 20 668 useful measurements. The Nyquist frequency is 24.47 d−1 and the
frequency resolution is 0.0022 d−1 (for the time base of 682
days) (Loumos & Deeming 1978). Two small aliasing peaks
located at respectively 0.0033 and 0.0052 d−1 , and caused by the
missing quarters Q3 and Q7, can be identified in the corresponding spectral window.
We also acquired a series of high-resolution spectra in two
consecutive years. In 2010, the spectra were taken with the
Hermes spectrograph attached to the 1.2-m Mercator telescope
(Observatorio del Roque de los Muchachos, La Palma, Canary
Island). Hermes (High Efficiency and Resolution Mercator
Echelle Spectrograph) is a fibre-fed spectrograph which samples the entire optical range from 380 to 900 nm with a resolution of 85 000 (Raskin et al. 2011). The spectra acquired in
2011 have been taken with the Coudé-Echelle spectrograph attached to the 2-m telescope at the Thüringer Landessternwarte
Tautenburg. The Tautenburg spectra have a spectral resolution
of 32 000 and cover the wavelength range from 472 to 740 nm.
The data have been reduced using the dedicated pipeline for
Hermes spectra and standard ESO-MIDAS packages for both the
Tautenburg and the extracted, merged Hermes spectra. The data
reduction included bias and stray-light subtraction, cosmic rays
filtering, flat fielding, wavelength calibration by ThArNe lamps,
order merging, and normalization to the local continuum. All
spectra were additionally corrected in wavelength for individual
instrumental shifts by using a large number of telluric O2 lines.
The cross-correlation technique was used to estimate radial velocities (RVs) of the individual spectra. All the (Hermes, resp.
Tautenburg) spectra have been shifted in wavelength according to their derived RVs and added to build the mean, high(er)
signal-to-noise ratio (S/N) (Hermes, resp. Tautenburg) spectrum. In the following sections, we will only speak in terms of
the mean spectrum since both analyses gave consistent results.
The journal of observations is given in Table A.1. The associated errors quoted in Table A.1 are the 1-σ formal errors
obtained during the fitting process.
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v sin i (km s−1 ) ξ (km s−1 )

SpT

+0.20
3.16−0.20
A7.5 IV-III

—

A8 IV-III

Table 2. Abundances for individual elements sorted according to their
uncertainties. N is the number of lines with a line depth larger than rms.
The uncertainties between parentheses are quoted in terms of last digits
(see also Sect. 3.1.
Element N N I N II solar
[A/H]
dA
Fe
861 753 108 –4.59 –4.99(05) –0.40(05)
Ca
55 42
13 –5.73 –5.88(05) –0.15(05)
Ti
162 23 139 –7.14 –7.42(09) –0.28(09)
Cr
149 71
78 –6.40 –6.60(11) –0.20(11)
Mg
32 25
7 –4.51 –4.89(15) –0.38(15)
Ni
80 74
6 –5.81 –6.05(16) –0.24(16)
Sc
24
0
24 –8.99 –9.17(19) –0.18(19)
Mn
42 35
7 –6.65 –7.07(21) –0.42(21)
V
44
2
42 –8.04 –8.27(23) –0.23(23)
C
14 14
0 –3.65 –3.83(24) –0.18(24)
Y
28
0
28 –9.83 –10.01(25) –0.18(25)
Si
13
4
9 –4.53 –4.77(31) –0.24(31)
Co
14 13
1 –7.12 –7.43(36) –0.31(36)
Sr
4
0
4 –9.12 –9.02(42) +0.10(42)
Ba
7
0
7 –9.87 –9.57(46) +0.30(46)
Eu
6
0
6 –11.52 –11.47(49) +0.05(49)

3. Spectroscopy
3.1. Spectrum analysis

The mean spectrum of KIC 005988140 was analyzed by means
of the GSSP programme package (Lehmann et al. 2006) which
is based on the method of synthetic spectra. The idea is to use
a large, dense enough grid of pre-computed theoretical spectra
and perform a spectrum-by-spectrum comparison with the observations until a global minimum in parameter space is found.
In the first step, synthetic spectra are computed in a grid of the
effective temperature Teff , the surface gravity log g, the projected
rotational velocity v sin i, the microturbulent velocity ξ, and the
metallicity [M/H]. The derived metallicity is used as an initial
guess for the chemical composition of the star and individual
elemental abundances are iterated together with the other four
fundamental parameters in the second step. The measurement
uncertainties of Teff , log g, v sin i, ξ, [M/H], and the individual
abundances are determined as 1-σ confidence levels obtained
from χ2 -statistics. For the calculation of synthetic spectra, we
use the LTE-based code SynthV (Tsymbal 1996) whereas atmosphere models have been computed with the most recent, parallelized version of the LLmodels programme (Shulyak et al.
2004). All synthetic spectra were computed in the 3800–5700 Å
wavelength region which is almost free of telluric contributions
but includes several hydrogen lines of the Balmer series and a
large number of metal lines. A more detailed description of the
method and its application to the spectra of Kepler β Cep and
SPB candidate stars are given by Lehmann et al. (2011).
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Fig. 2. Successive periodograms of the ground-based radial velocity
data of KIC 005988140 (top: spectral window, bottom: after prewhitening for f1 and f2 ).
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Fig. 1. Fit of the observed spectrum of KIC 005988140 (black) in two
different wavelength regions assuming Teff = 7600/7400 K, log g =
3.4/3.5 and [M/H] = –0.3/–0.5 dex (in red and green lines, resp.). A
colour plot is provided in the online version.

Table 1 gives the results of the spectrum analysis in comparison with the Kepler Input Catalog (KIC) values. The typical uncertainties of the KIC parameters are ±200 K for the
effective temperature and ±0.5 dex for both the surface gravity
and the metallicity. The derived fundamental parameters agree
within the (KIC) errors, though there is a rather large difference in [M/H] between our value and the one listed in the KIC.
The new fundamental parameters also agree with respect to the
values reported by Catanzaro et al. (2011) (these are identical
to those listed in the KIC). Spectral types and the luminosity
classes listed in Table 1 were derived using interpolation in the
tables published by Schmidt-Kaler (1982).
Table 2 lists the abundances of individual elements as determined from the mean spectrum. The first four columns represent the element designation, the total number of spectral lines
present in the considered wavelength region, and the number of
lines in the first and the second ionization stages. The last three
columns give the solar composition (Asplund et al. 2009), the
individual abundances of KIC 005988140, and the deviation of
the derived abundances from the solar values, respectively. Apart
from Sr, Ba, and Eu, the abundances of all elements are compatible with the derived metallicity of the star. The three elements
mentioned above show considerable overabundances but their
uncertainties are large.
Figure 1 shows parts of the observed spectrum (black) in
comparison with the two synthetic spectra computed respectively based on the parameters derived by us (red) and on those
listed in the KIC (green). Obviously, the hereby derived fundamental parameters provide a better fit of the observed spectrum
in both illustrated wavelength regions. The same is true for the

3.2. Radial velocity variations

The RVs measured from all recently observed spectra (i.e.
40 measurements in total) were searched for possible periodicities by means of the Period04 program (Lenz &
Breger 2005). Figure 2 illustrates the Fourier spectrum of
the radial velocity data set. The corresponding spectral window reveals the presence of the (1 year)−1 as well as
80% high (1 day)−1 alias peaks. The dominant period P1
is detected at 1.4534±0.0085 d. After prewhitening with the
corresponding frequency f1 =0.6880±0.0034 d−1 , a Fourier
analysis of the residuals reveals a second significant frequency f2 =0.3440±0.0002 d−1 corresponding to the period
P2 =2.9070±0.0002 d (see Table 3). This second frequency appears quite significantly after prewhitening, and is not affected by the aliasing peaks located at ∼0.5 d−1 in the spectral window (as will be confirmed in Sect. 4). We also remark that the ratio between both frequencies is exactly 2.
The third frequency, f3 = 0.0013 d−1 , is apparently caused by a
small shift in zero-point between the radial velocities originating
from two different instruments. We kept its value fixed during
the Monte-Carlo error computations. The fraction of the variance removed after prewhitening with three frequencies, (1 − R),
equals 87%.
Figure 3 illustrates the RV curve based on the Tautenburg and
Hermes spectra, phased on the period P2 (top), as well as a small
portion of the Kepler light curve (bottom). Phase zero in the RV
curve corresponds to the time of the highest maximum observed
in this part of the light curve which occurs at (B)JD 2455087.62.
The following ephemeris has been adopted:
(B)JDmax light/RV = (B)JD 2455087.62 + E ∗ 2.9071 d.
The RVs thus folded follow a clear double-wave pattern (two
maxima, two minima). Apart from its obvious double-wave
shape, the mean radial velocity curve appears slightly anharmonic (the phase difference between the first two periodic signals equals 0.34 (see Table 3)).
3
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Table 3. Frequencies detected in the RV data of KIC 005988140
ID

f1
f2
f3

Frequency
(± error)
d−1

Amplit.
(± 0.05)
km/s

0.6880 (0.0034)
0.3440 (0.0002)
0.00127 (fixed)

Phase

S/N

Relative flux (ppt)

2

Note

2πrad

2.93
1.34
1.41

0.57
0.91
0.04

34
15
16

= 2f2

1
0
-1
-2

2.9 d

-3
44

48

46

50

52

54

56

58

BJD-2455372 (days)

Amplitude (ppt)
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Fig. 5. Part of the Q6-quarter of the Kepler light curve of
KIC 005988140 (top) and amplitude spectrum of the entire Q6-quarter
data string (bottom).
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Fig. 3. Top: RVs of KIC 005988140 folded on the period P2 ∼2.91 d.
Hermes RVs are indicated by triangles and TLS ones by open circles.
Bottom: Portion of the Kepler light curve illustrating the near 2hr period
oscillations. The X-axis shows both BJD and the phase. In both panels,
phase zero refers to (B)JD 2455087.62.
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Fig. 4. LSD-profiles computed based on the individual (solid) and mean
(dashed) spectra.

3.3. Least-squares deconvolution

A fit of the mean, observed spectrum of KIC 005988140 by the
synthetic one provides quite smooth residuals indicating that
this is not a double-lined spectroscopic binary. High S/N averaged profiles computed by means of the least-squares deconvolution technique (Donati et al. 1997) confirm this finding.
Figure 4 illustrates the profiles computed from 11 Tautenburg
spectra (solid) which are shifted in Y-axis for clarity. The phases
4

indicated on the plot to the left and to the right of the profiles
were computed assuming two different periods, P1 and P2 , respectively, and the time of minimum corresponding to the deepest minimum in the Kepler light curve (at BJD∼2455085.50,
cf. Figure 3, bottom part). The LSD-profile computed from the
mean spectrum which has been used for the detailed analysis in
Section 3.1 is shown by a dashed line for comparison. Obviously,
there is no trace of a secondary component in the spectra. The
first profile from the top appears to be highly asymmetric and
has a shape typical of that caused by the Rossiter–McLaughlin
effect (McLauglin 1924; Rossiter 1924). However, the computed phases indicate that the corresponding spectrum has been
taken at the phase near a time of secondary maximum light
in the Kepler light curve and not during the eclipse phase. This
fact allows to exclude eclipses as a possible explanation for the
observed anomalous shape of spectral lines at this phase, thus
the nature of the anomaly remains unclear. On top of that, there
are also obvious line profile variations occurring on a short time
scale which might be caused by stellar oscillations (cf. Sect. 4).

Similar to the analysis of the spectroscopic data, a search for
periodicities has been performed using the Period04 program.
Figure 5 represents a 2-weeks long string of the Q6 Kepler light
curve (top) together with the amplitude spectrum based on the
entire Q6-quarter data string (bottom). The highest peak appears
at the frequency of 0.68799 d−1 (P1 = 1.4535 d), followed by
the frequency of 0.34398 d−1 (P2 = 2.9070 d). This result is entirely consistent with the results from the Fourier analysis of the
radial velocities (cf. Table 3). Note that the phase difference
between the first two periodic signals is 0.52, therefore not
exactly matching the one from the radial velocity curve. The
ratio F1 /F2 equals the factor two, which could in principle
be explained as tidal modulation in a close binary system
(e.g. in ellipsoidal systems), but this explanation is not corroborated by the facts that the same factor appears in the
frequency-analysis of the RVs nor that the total RV amplitude is very low. Besides the peaks corresponding to the periods P1 and P2 , the frequency analysis of the complete data set
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revealed the existence of at least twenty-five more frequencies,
with a significance above ten times the noise level in Fourier
space. While most of these are located < 0.1 d−1 indicating either long-term changes or remaining instrumental effects (see
cautionary note from Sect. 2), some are obviously harmonics
of P2 : apart from P1 =P2 /2, we also find P2 /3, P2 /4, and P2 /5.
However, more significant is the detection of nine frequencies
located beyond 10 d−1 : they all appear to be in the typical δ Sct
range (see Table 4). The fraction of the variance removed after
prewhitening with 27 frequencies (i.e. after removal of the 27
first frequencies), (1 − R), equals 99%. Figure 3 (bottom) shows
a randomly selected light curve portion illustrating the shortperiod variations over one and a half full cycle with respect to
P2 . Besides the fact that the light curve appears to be lagging in
phase behind the RV-curve folded on P2 by at least 0.2 period
(e.g. maximum to maximum), a very clear beating of the most
significant frequency located at 14.32981 d−1 (corresponding to
a pulsation period of 1h40m) can be seen, caused by the presence
of six more frequencies located between 14 and 15 d−1 . Among
these, a few frequency spacings are repeatedly occurring. For
example, the frequencies F3 , F7 and F23 are separated by almost
exactly 0.040 d−1 . The couples (F5 ,F9 ) and (F19 ,F5 ) show a difference of 0.31 and 0.25 d−1 , respectively. Two other δ Sct-type
frequencies are F4 = 12.28328 d−1 and F14 = 10.91996 d−1 (with
respective period ratios of 0.86 and 0.76). The latter is an interesting period ratio, close to the ratio 1H/F expected for radial
modes in such a star. The occurrence of F17 = 23.89006 d−1 ,
on the other hand, is questionable, since it lies very close to the
Nyquist frequency of the data set. We further notice the presence of various long-term periodicities (frequencies < 0.01 d−1 )
which appear with a low significance, though none as small as
the frequency of 0.001 d−1 found below the detection limit in the
radial velocity data (cf. Sect. 3.2). We also recall that such very
low frequencies might be affected by the data (pre)processing
algorithms.
Next, we tested the stability of the properties of the δ Scttype pulsations by searching for a best-fit model allowing for
a periodic variation of the phase shifts of these frequencies in
the multi-parameter solution. For this, we used the model called
’Periodic Time Shift’ in Period04 (cf. PTS model under expert
mode). The computations show that no better fit can be found
by including a possible (long-term) variation of the phase shifts
which might possibly be due to a modulation by either one of the
low frequencies P1 or P2 . Our conclusion is that the properties
of the δ Sct-type frequencies are stable.
We also verified the stability of the shape of the “basic”
light curve (i.e. cleaned for the near 2hr-period variations and
the long-term trends) based on the first two frequencies and the
harmonics by prewhitening with all other frequencies detected
during the Fourier analysis, and by plotting the folded residual
light curve using colours for different subsets. Figure 6 shows
the resulting phase diagram when subdividing the data into bins
of tens of days. This demonstrates that the “basic” light curve is
stable over a period of almost two years (T = 682 days).
After prewhitening for all the frequencies listed in Table 4,
the final residuals do not look perfectly flat, as one would expect, but reflect small instrumental effects and reveal discontinuities which were not accounted for during the homogeneization
(pre)processing (see Fig. 7).

5. Discussion and conclusions
HD 188774 was assigned a spectral type of A7.5 IV-III which,
along with its atmospheric parameters and abundances (see

Table 4. Over 25 frequencies are detected in the photometry of
KIC 005988140. Frequencies near or below 0.1 d−1 are not considered as meaningful. See text for more explanation.
ID

Frequency
(± error)
d−1

Amplit.
(± 0.001)
ppt

S/N

F1
F2
F3
F4
F5
F7
F9
F10
F13
F14
F17
F18
F19
F23
F28

0.687993 (fixed)
0.3439842 (3E-07)
14.32981 (2E-06)
12.28328 (4E-06)
14.64803 (5E-06)
14.28878 (9E-06)
14.33072 (2E-05)
1.031966 (1E-05)
14.12919 (1E-05)
10.91996 (2E-05)
23.89006 (2E-05)
1.375905 (2E-05)
14.90637 (2E-05)
14.24855 (2E-05)
1.719992 (3E-05)

1.261
1.123
0.910
0.192
0.146
0.094
0.084
0.065
0.055
0.051
0.045
0.044
0.043
0.033
0.028

411
335
1207
256
230
123
112
33
70
129
49
38
77
43
33

F6
F8
F11
F12
F15
F16
F20
F21
F22
F24
F25
F26
F27

0.057054 (1E-05)
0.053534 (1E-05)
0.060134 (2E-05)
0.090642 (1E-05)
0.075828 (1E-05)
0.083162 (2E-05)
0.004253 (2E-05)
0.033734 (2E-05)
0.062921 (2E-05)
0.050308 (2E-05)
0.092842 (2E-05)
0.070695 (3E-05)
0.110442 (3E-05)

0.156
0.092
0.094
0.066
0.065
0.049
0.044
0.036
0.048
0.042
0.036
0.035
0.029

45
26
27
19
19
14
13
20
14
12
10
10
8

Note

ppt
= 2F2

= 3F2

= 4F2
= 5F2

Fig. 6. “Basic” light curve of KIC 005988140 based on all the data and
folded on the period P2 (after prewhitening for 23 frequencies).

Tables 1 and 2), places it in the middle of the δ Sct and at the blue
edge of the γ Dor instability strips. The presence of the multiple (high) frequencies in the range 10–15 d−1 detected from the
Kepler photometry is firm evidence that the star is a δ Sct pulsating star. The slightly more significant low frequencies detected
in both the radial velocity data and in the Kepler photometry are
not due to binarity.
Uytterhoeven et al. (2011b) based their binary classification on the morphology and the high regularity of the light curve
(see Figure 5), where the deepest minima, occurring every ∼2.91
days, were attributed to primary eclipses. Our Fourier analysis
revealed the existence of multiple significant frequencies, with
5
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Fig. 7. Residual light curve of KIC 005988140 based on all the data
(after prewhitening for 28 frequencies).

the highest amplitude peak at the frequency of 0.68799 d−1 (P1
= 1.4535 d), followed by its sub-harmonic at 0.34398 d−1 (P2
= 2.9070 d). A Fourier analysis of the ground-based radial velocity data indicated the same two frequencies, moreover in the
same order of importance. The light and radial velocity curves
are not exactly in anti-phase with respect to each other: the
moments of minimum radial velocity precede the moments of
maximum light by about 0.1 period. Such a phase relationship
is not compatible with the model of a binary system where
the components may eclipse one another at the times of conjunction.
Nine of the photometrically detected frequencies (F3,4,5 , F7 ,
F9,10 , F13 , F19 , F23 , see Table 4) lie in the typical δ Sct range.
Observed regular spacings are of the order of 0.3 and 0.04 d−1 .
The question thus remains if the frequencies F1 and F2 can possibly be related to the γ Dor-like oscillations. Our arguments
against this interpretation are: (1) γ Dor stars are typically multiperiodic pulsators, which is obviously not the case here; (2) the
star is probably too evolved to be a γ Dor-type pulsator; and
(3) the exact small integer ratio of two between the two dominant frequencies is unexpected in the case of non-radial pulsators. In addition, the phase relationship described above is
rather uncommon in the case of pulsation, as the moments of
minimum radial velocity (i.e. maximum surface layer expansion) generally follow the moments of light maximum (e.g. in
δ Scuti stars, Preston & Landolt (1999)).
We are left with the possibility of rotational modulation due
to the presence of stellar spots on the surface. The detection
of multiple harmonics is more readily explained by this scenario than by the two former ones. The RVs folded on the period of ∼2.91 d (see Figure 3, top) show a double wave which can
be explained by a surface structure that includes two spots diametrically opposed to one another. The same is also true for the
double-wave pattern detected in the Kepler light curve. Adopting
a radius of 3.57 R⊙ as listed in the KIC, we estimate a rotation
period of ∼3.7 d (reciprocal of 0.27 d−1 ) and of ∼2.5 d (reciprocal of 0.40 d−1 ) for an inclination angle of 90◦ and 45◦ , respectively. The detected period of 2.90709 d lies just in-between
these two derived periods. We also remark that a frequency
spacing of the order of 0.3 d−1 might be caused by rotational
splitting of a single intrinsic frequency, for example F5 . Using
Vequat = 50.61 * R /P2 = 62.3 km s−1 and the measure of v sin i=
52 km s−1 , we obtain an inclination angle of ∼50 ◦ , which is a
plausible value. That a harmonic of the rotation period of the
star has the highest amplitude in the RV data, was previously
found for some spotted stars, e.g., for the He-weak silicon star
HR 7224 (Lehmann et al. 2006).
The fact that the Kepler light curves of many A- and F-type
stars show variability at low frequencies has already been reported and discussed by Balona (2011). The author points out
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that this is not a particularity of the δ Sct stars only. Grigahcène
et al. (2010) proposed that most Kepler δ Sct stars are of the
hybrid type where the low frequencies are due to the γ Dor phenomenon. On the other hand, Balona (2011) analyzed the distributions between the (dominant) low frequencies and the rotational frequencies. In the specific case of of the δ Sct stars
observed by Kepler, assuming that half of the value of the dominant low frequency is the rotational period, he found a good
agreement between both (observed and derived) distributions.
An explanation for this behaviour is currently still lacking.
HD 188774 is most likely not a unique case of simultaneous
rotational modulation and stellar oscillations amongst the Kepler
stars, but it is the first case where a high-quality data set in radial
velocity data has been collected and confronted to the photometry. For example, KIC 09664869 exhibits a similar light curve.
This star has been classified as a γ Dor variable. The highest
amplitude peak is however most likely related to the stellar rotation period, as several harmonics are also observed in this case
(see Table 5, panel c in Uytterhoeven et al. 2011b). Perhaps
more relevant is the study of the unevolved and fast rotating late
A-type star Altair: based on observations collected by the Wide
Field Infrared Explorer (WIRE) satellite, Buzasi et al. (2005)
showed that it is a very low-amplitude δ Sct star (with ∆m <
1 ppt), which seems to pulsate in at least seven modes. In addition to the frequencies detected in the 15–29 d−1 range, they
report the existence of two frequencies in the low range, namely
at 3.53 and 2.57 d−1 (cf. their Table 1). Using long-baseline interferometry, Peterson et al. (2006) derived the rotational frequency of 2.71 d−1 , which is close to the lowest frequency detected by Buzasi et al. (2005). In essence, the conclusion of
both Ohishi et al. (2004) and Peterson et al. (2006) is that
the surface of Altair displays an extremely asymmetric intensity distribution and that the asymmetry is consistent with that
expected from the known high rotation and oblateness. It thus
appears that the rotationally distorted stellar surface of Altair,
a star not known to present abundance anomalies, induces low
amplitude modulations which are detectable in the high-quality
light curves from space. Since we do not expect convection nor
magnetic activity to occur in the atmospheres of A-type stars
in general, we are surprised to see the signature of stellar rotation in their light curves, as this implies the existence of spots.
However, convection does occur in late A-type stars, and particularly in the photosphere where it competes with radiation
transporting the flux. The case of Altair is illustrative: this lateA star has a broad equatorial band at Teff = 6900 K which gives
rise to strong convection and chromospheric activity like C II
emission (Peterson et al. 2006). Using an XMM-Newton observation, Robrade & Schmitt (2009) confirmed the presence of (coronal) X-ray emission and weak magnetic activity
for Altair. It thus belongs to the transition region where stars
can develop envelopes in-between fully radiative and fully convective ones. Also relevant is the study of the remarkable
A5/F0-type star HR 8799 (Teff = 7400 K) where X-ray emission has been detected by the Chandra and ROSAT satellites
(Robrade & Schmitt 2010). The conclusion here is that the
star is a weakly active, long-term stable X-ray emitting star.
Similar to Altair or possibly HR 8799, HD 188774 may become
a valuable laboratory for studying the internal rotation state of a
star with a predominantly radiative envelope in the near future.
In order to verify our assumption that stable surface spots are
responsible for the large-scale variations observed in its Kepler
light curve and RVs, we intend to perform separate analyses of
subsets of spectra (more of which have been recently acquired
with the Hermes spectrograph) taken around the epochs of ex-
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tremal variations to look for differences in the derived stellar parameters and/or abundances. In the best case, depending on the
S/N of the obtained spectra, the technique of Doppler Imaging
will also be applied. It is probable that more examples will be
found during the Kepler mission. As illustrated here, the acquisition of high-quality ground-based spectra provides relevant and
additional clues for a better insight of the new information revealed by the hyper-quality stellar white-light photometry.
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Table A.1. Journal of recent spectroscopic observations. Listed are the
sequence number, the exposure time, the barycentric Julian Date, the
measured radial velocity, and the accuracy in RV.
Nr Exp.
(sec)

Date

BJD
RV
RVerr
(2 455 000+) (km s−1 ) (km s−1 )

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

1200
1800
1800
2000
1800
2700
2400
2700
2400
1200
300
300
300
300
300
300
300
300
600
300
480
600
600
600
550
550
600
400
1800

2010/06/05
2010/07/14
2010/07/14
2010/07/16
2010/07/16
2010/07/18
2010/07/18
2010/07/20
2010/07/20
2010/08/03
2010/08/05
2010/08/05
2010/08/07
2010/08/07
2010/08/09
2010/08/09
2010/08/11
2010/08/12
2010/08/12
2010/08/14
2010/08/14
2010/08/15
2010/08/16
2010/08/16
2010/08/17
2010/08/17
2010/08/18
2010/08/18
2010/08/20

Hermes
353.7043428
392.5180032
392.6444271
394.5169717
394.6163039
396.4641905
396.6385025
398.4383502
398.6246792
412.4096963
414.4434733
414.6630946
416.4173718
416.7144405
418.3981617
418.7080667
420.4033010
421.4271506
421.5680935
423.4211612
423.5536145
424.4009403
425.3884691
425.5342909
426.3884962
426.6004571
427.4912895
427.5044292
429.5096819

–18.942
–19.627
–19.964
–18.502
–17.147
–13.775
–16.191
–20.191
–19.895
–15.793
–19.671
–20.497
–14.901
–13.203
–18.337
–20.417
–20.640
–18.821
–19.948
–20.538
–19.015
–19.750
–13.305
–14.257
–20.266
–17.948
–20.324
–20.821
–17.128

0.020
0.032
0.021
0.020
0.025
0.021
0.029
0.021
0.029
0.019
0.013
0.035
0.018
0.031
0.034
0.026
0.032
0.033
0.029
0.025
0.014
0.020
0.030
0.023
0.028
0.015
0.028
0.029
0.031

30
31
32
33
34
35
36
37
38
39
40

900
1800
1800
1800
1800
1024
1800
1800
1800
1800
1800

2011/07/12
2011/07/14
2011/08/08
2011/09/10
2011/09/11
2011/09/12
2011/09/12
2011/09/13
2011/09/14
2011/09/14
2011/09/19

TLS
754.5635120
757.4733430
782.3464050
815.4850340
816.4960600
817.2843500
817.4911610
818.3643670
819.2709620
819.2925580
824.4577250

–19.917
–20.035
–18.128
–18.312
–15.304
–18.059
–14.930
–18.410
–14.222
–14.563
–19.448

0.022
0.027
0.033
0.028
0.030
0.032
0.045
0.028
0.020
0.025
0.033

Appendix A: Tables: to be published electronically

7

