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Abstract. In this paper we present time-series low-resolution spectroscopy of the pulsating sdB star PG 1325+101, obtained
with the Nordic Optical Telescope. We have cross-correlated the spectra and Fourier analysed the variations in radial velocity
and the width of the cross-correlation function. From both resulting periodograms we easily recover the known main pulsation
period. Further analysis of the spectra, after binning them in phase according to the pulsation period, clearly shows evidence
for line-profile variations consistent with a radial pulsation mode. The variations show up in all Balmer and several helium lines
sampled by the spectra, and can be understood in terms of temperature, gravity and radial-velocity variations. To the best of our
knowledge PG 1325+101 is the faintest object in which line-profile variations due to pulsational instability have been detected
so far.
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1. Introduction

The hot subdwarf B (sdB) stars are evolved stars commonly
found in surveys of faint blue stars (e.g. Green et al. 1986). The
general consensus identifies these stars with hot extreme hori-
zontal branch (EHB) stars, implying that they are core helium
burning stars enclosed in a thin (Menv ≤ 0.02 M�) inert hydro-
gen dominated envelope (Heber 1986; Saffer et al. 1994). This
configuration prevents them from ascending the asymptotic gi-
ant branch, and they must evolve instead toward higher temper-
atures and surface gravities after their core helium is exhausted.
Thus, an sdB star turns into a hot sdO star before reaching de-
generacy and cooling as a normal white dwarf star (Dorman
et al. 1993). However, important questions remain over the ex-
act evolutionary paths and the appropriate timescales.

Stellar seismology is the only way to probe the interiors
of stars in detail. When pulsational frequencies and eigen-
functions are known, seismology can put constraints on stel-
lar structure and evolution models. The discovery of pulsations
in sdB stars a few years ago, brought with it the opportunity to
use asteroseismology to answer the questions about the internal
structure and the evolution of these stars.

Kilkenny et al. (1997) were the first to detect photometric
variations due to radial and non-radial pulsations in some of
the sdB stars. The pulsating sdB stars (sdBVs) have periods
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in the range 100–600 s with low amplitudes (1–50 millimag).
Values of log g and Teff for the pulsators are estimated to be
in the ranges 5.2–6.1 and 30 000–36 000 K, respectively. The
pulsations in these stars are driven by an opacity bump due
to iron and other metallic species (Charpinet et al. 1996) at a
temperature of ∼200 000 K in the sdB envelope. However, it
is a puzzle that some sdBs pulsate while others of identical
log g and Teff do not. Very recently a group of sdB pulsators
with periods on the order of hours and with Teff in the range
25 000–30 000 K has been discovered (also known as “Betsy”
stars; Green et al. 2003). Theoretical models have shown that
it is possible to explain these pulsations as g-modes driven by
the same κ-mechanism that causes the p-mode oscillations in
the short period sdBV stars (Fontaine et al. 2003).

Pulsations produce photometric variations, line centroid
variations, line equivalent-width (EW) variations, and more-
over line-profile variations (variations in line shape). Whereas
photometry, line centroids and EW measurements give infor-
mation about pulsation frequencies and modal degree l, only
line-profile variations hold additional information about the
azimuthal number m (e.g. Telting & Schrijvers 1997; Telting
2003). For a full identification of a pulsation mode, the pulsa-
tion frequency and the spherical-harmonic quantum numbers l
and m of the corresponding eigenfunction have to be known.
Once all these modal parameters are known, the observations
can confront the stellar structure models to provide constraints
on the internal structure of stars. As long as one mode has been
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Table 1. Photometric data on PG 1325+101.

UBVa V : 13.76 B − V : −0.31 U − B: −1.04

Strömgrenb y: 14.019 b − y: −0.134 u − b: −0.267

JHKc J: 14.622 H: 14.764 Ks: 14.866

Notes: a Green et al. (1986); b Wesemael et al. (1992); c 2MASS all
sky catalog.

conclusively identified, and preferably a radial mode, all other
observed frequencies can be identified from the modeled fre-
quency spectrum. Without any positive identification, it is dif-
ficult to match the frequencies of observed modes with a high
degree of certainty, due to the high density of peaks in the cal-
culated frequency spectra.

Jeffery & Pollacco (2000) were among the first to present
a time-resolved radial-velocity study of sdBV stars. Using
a drift scan technique to obtain high time-resolution spec-
troscopy with the 4.2 m William Herschel Telescope, they de-
tected radial-velocity variations of amplitude ∼2 km s−1 in the
two sdBV stars PB 8783 and KPD 1209+4401. O’Toole et al.
(2000) obtained radial-velocity variations of PG 1605+072 us-
ing data from three 1.5 m class telescopes, detecting velocity
amplitudes up to 14 km s−1 at the same frequencies as the pho-
tometric pulsations.

So far only photometric and line centroid/EW measure-
ments of sdB stars have been analysed, but these quantities
do not hold enough information to identify a single pulsation
mode conclusively. O’Toole et al. (2003) showed that from
line-index measurements of PG 1605+072 additional informa-
tion on the surface-gravity variations can be derived. We aim
to bring the spectroscopic asteroseismological investigations of
these stars even further, by doing time-resolved spectroscopy,
in order to detect line-profile variations induced by the pulsa-
tion modes.

2. The case for PG 1325+101

The star in this study was found to be a pulsator during a sur-
vey using the Nordic Optical Telescope, which identified 10 of
the 32 known pulsators of the sdBV class (Silvotti et al. 2000,
2002a; Østensen et al. 2001a,b). The atmospheric parameters
of PG 1325+101 have been derived by others before. Saffer
et al. (1994) found Teff = 34 500 ± 1000 K, log g = 6.11 ±
0.15, n(He)/n(H) = 0.021 ± 0.010 from least-squares fitting
of the Balmer lines with LTE models. Their result confirms
the PG classification for this star as an sdB-O star due to the
presence of neutral helium. A slightly different result was ob-
tained by O’Donoghue et al. (1998) using a He-free LTE model
grid; Teff = 35 900 ± 250 K, log g = 5.90 ± 0.05 and Teff =

34 800± 300 K, log g = 5.82± 0.07 from two different observa-
tions using different instrumental configurations. The PG cat-
alog (Green et al. 1986) gives a photographic magnitude for
PG 1325+102 of 13.29 (the name PG 1325+101 occurs first in
Saffer et al. 1994), and a photoelectric B magnitude of 13.45.
Photometry collected from the literature and the 2MASS cata-
log are compiled in Table 1.

Fig. 1. The positions of a number of sdB pulsators in the (Teff , log g)
diagram, relative to the theoretical zero age and terminal age extreme
horizontal branches. Also shown are three evolutionary tracks from
Dorman et al. (1993). Note that 0.471 M� is the lowest mass allowed
for an sdB star according to the Dorman models. The fact that most
sdB variables (and most non-pulsators) lie below this track is an unre-
solved issue.

Saffer et al. (1998) included PG 1325+101 in their ra-
dial velocity survey for binarity among degenerate stars. This
study found no significant radial-velocity changes, and gives
an absolute radial velocity as +11.5 km s−1 with a 1σ error of
22.3 km s−1.

PG 1325+101 is one of the most powerful sdBVs in
terms of pulsational amplitude of the main frequency at
26 mma (milli modulation amplitudes), only surpassed by
PG 1605+072 at up to 50 mma. Unlike PG 1605+072, whose
pulsational spectrum is dominated by five periods between
365 s and 529 s, the spectrum for PG 1325+101 is dominated
by a single stable period at 137.8 s. While PG 1325+101 is
a very typical sdBV star with short period pulsations below
about 200 s, PG 1605+072 is one of only four known sdBVs
with stable pulsation periods longer than 350 s (all marked
in Fig. 1). The rarity of the slightly cooler and lower gravity
PG 1605+072 type pulsators is consistent with theoretical in-
terpretations that place PG 1605+072 and its look-alikes at the
evolutionary point where core helium is exhausted, and tem-
perature and gravity changes rapidly as it evolves toward the
sdO population (Kilkenny 1999). PG 1325+101, however, may
still be core helium burning, sitting right on the extension of
the zero age extreme horizontal branch (ZAEHB) if one takes
the values for temperature and gravity found by Saffer et al.
(1994; see Fig. 1), or closer to or right on the terminal age ex-
treme horizontal branch (TAEHB), if one takes the values from
O’Donoghue et al. (1998).

Photometric observations of PG 1325+101 are available
from the literature and the 2MASS all sky catalog (see Table 1).
The color terms of PG 1325+101 are typical for an sdB star of
around 35 000 K, and the infrared magnitudes show no sign of
excess that could give away a low-mass main-sequence com-
panion. Although this does not exclude a binary companion, it
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Table 2. Log of spectra used for the frequency analysis.

Date Heliocentric UT Number of
2003 [s] spectra

11 Feb. 11225 – 26283 401
19 Feb. 5083 – 8228 81
20 Feb. 6752 – 26742 556

limits the possibilities of a binary companion to either a white
dwarf or a low-mass M dwarf.

3. Observations and reduction

On the nights of February 10, 18 and 19, 2003 we obtained in
total more than a thousand time-resolved low-resolution spec-
tra of PG 1325+101 with the Nordic Optical Telescope using
ALFOSC in long-slit spectroscopic mode (see Table 2). We
used a non-standard setup consisting of Grism #6 and an off-
centre slit cut specially for this project, both rotated by 90 de-
grees to place the spectrum along the CCD serial shift direction.
In this way we managed to get the readout time sufficiently
short to allow an exposure time of 25 s and a readout over-
head of about 5 s, thus obtaining one spectrum every 30 s. The
Loral detector CCD#7 was binned 2 × 2 and windowed to al-
low 30 arcsec of sky on either side of the object. The off-centre
slit allowed us to get a spectral range of about 3200–6100 Å,
with a dispersion of 2.8 Å per binned pixel. The object was ac-
quired onto the slit and monitored until the slit angle rotated
too far away from the parallactic angle. Several re-acquisitions
onto the slit were done during a night. The total time span of
the acquired time series is 9.17 days.

The spectra were reduced using standard IRAF packages.
CCD overscan was used to determine the bias level, and bad
columns were removed by linear interpolation of pixels in adja-
cent columns. CCD pixel-to-pixel variations were removed by
flat fielding with an internal halogen lamp. One-dimensional
spectra were optimally extracted after subtracting a fit to the
sky background for each binned detector column. The spec-
tra were normalised first with respect to the mean spectrum of
each night, by fitting a cubic spline with 5 to 8 segments to the
quotient of each individual spectrum and the mean spectrum.
Subsequently, the mean spectrum was normalized to the con-
tinuum, using an iterative procedure discarding points lying 2σ
below a fit of 20 cubic spline segments. The resulting fit was
used to rectify the individual spectra. Wavelength calibration
was done with helium calibration spectra. The target spectra
were clipped to the range of 3650–6000 Å for our spectral anal-
ysis. The peak signal to noise ratio of the reduced spectra was
typically around 60. All acquisition times were transformed to
the heliocentric frame by correcting for the earth orbit only.

The 25 s exposure time of the spectra gives rise to phase
smearing that reduces the amplitude of the radial-velocity vari-
ations, and any other type of variations derived from the spec-
tra. Assuming a sinusoidal variation with the known pulsa-
tion period of 137.82 s the smearing reduces the amplitude by
only 5.4%, but the amplitude of a sine with the first harmonic
of this period is reduced by 20%.

Fig. 2. Center position of the cross-correlation function for two nights
of observations, computed with the mean spectrum of each night as
template. Signal-to-noise ratio for the individual spectra are indicated
in the panels at the top of each diagram.

3.1. Check for binarity

The observations described above show radial-velocity varia-
tions (see Fig. 2) that could be due to instrumental effects, but
that are consistent with a close orbit with a period of 4 to 6 h.
In order to check for binarity on such short time scale we re-
observed the star on the night of 29 May of 2003, while fo-
cusing on obtaining accurate wavelength solutions. We used
the ALFOSC Echelle mode using grisms #13 and #10, and
a 0.5 arcsec slit giving a resolution of R = 3700 and a wave-
length range of 3685–4437 Å. The total time span of the data
set of 11 spectra was about 5.5 h, and the exposure times were
taken as multiples of the dominant pulsation mode. All spectra
were sandwiched by HeNe arc line spectra. These spectra were
reduced in a similar fashion as described above. The peak S/N
of the extracted spectra ranges between 45 and 85. In Sect. 4.1
we will discuss these spectra with respect to the possibility of
a close-orbit binary.

4. Fourier analysis of radial velocities

We calculated the radial velocity of the time-resolved spec-
tra using the standard cross-correlation application in IRAF.
The mean spectrum of each night served as the template spec-
trum for that night. The center of the cross-correlation function
(CCF) was fit in 12 velocity bins around the maximum with a
Gaussian; the 12 bins approximately spanning the points within
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Fig. 3. Fourier periodogram of detrended radial velocities of the best 944 spectra. The blow-up of the main peak shows severe 9-day and 1-day
aliasing.

the FWHM of the CCF. We have experimented using different
(sections of) template spectra, fitting functions and fit domains,
but all gave similar results. The obtained radial velocity shifts
are dominated by those of the five strongest lines in the spec-
trum. The results for two nights are shown in Fig. 2.

From Fig. 2 it is clear that from one telescope pointing to
the next jumps in the radial-velocity curve are present, due to
the repositioning of the object in the slit. Also between subse-
quent repointings, there are general trends in the data, which
are probably due to flexure in the instrument and drifts in the
guiding of the telescope. These instrumental velocity changes
appear on timescales much longer than the known pulsation
period of the star. Therefore we decided to detrend the obser-
vations by fitting straight lines to appropriate chunks of radial-
velocity data. The resulting detrended data set has a scatter of
σ = 19 km s−1, which is largely due to atmospheric scintilla-
tion on the scale of 0.1 binned pixel (0.04 arcsec), which was
confirmed by studying the variations in the position of the star
in the spatial direction. One stretch of 80 radial-velocity points
from spectra taken on the night of 19/2/2003 was discarded be-
cause of large scatter possibly due to telescope-guiding prob-
lems (see Fig. 2, top diagram).

The Fourier transform of the detrended radial-velocity data
is shown in Fig. 3. We note that the detrending only affects
the frequencies below 2 mHz. The detrended radial-velocity
data is shown in Fig. 4, folded with the observed pulsation pe-
riod. The peak at the pulsation period P = 137.8 s reflects an
observed radial-velocity amplitude of 11.7(0.9) km s−1. This
amplitude is subject to the phase smearing due to the expo-
sure time of the spectra, as described in the previous section.
Correcting for this effect we find a radial-velocity amplitude of
12.3 km s−1. No significant candidate frequencies remain after
prewhitening with the pulsation period. The average amplitude
of the periodogram after prewhitening with the pulsation period
is 1.04 km s−1.

The highest peak in the Fourier transform is at frequency
f1 = 7.25558 mHz (see Fig. 3). The distance between adjacent
peaks is 1.3 µHz (9-day aliasing), and the distance between
adjacent groups of peaks is 10.3 µHz (1-day aliasing).

A photometric campaign on PG 1325+101 took place just
one month after (between March 21 and Apr. 14, 2003) the
spectroscopic data presented here were obtained. The cam-
paign, organised by Roberto Silvotti, involved nine telescopes

Fig. 4. Radial velocities, obtained from cross-correlation of the time-
resolved spectra, subsequently detrended and phased with pulsation
period. Also shown are a sine fit, a sine fit with first and second har-
monic component and the radial velocities binned in steps of 0.05 in
phase.

around the world and obtained more than 250 h of data
(Silvotti et al. 2003). Their preliminary results confirm the
persistence of the main 7.256 mHz peak, but they note that
the peaks at 7.699 and 9.380 mHz, seen in the discovery
data from July 2001, have dropped significantly in ampli-
tude (from 5–6 mma to ∼1 mma), well below the detection
limit of our spectroscopic data. Thus, the absence of any ad-
ditional frequencies is consistent with the optical light curve of
PG 1325+101 as observed within a one month interval.

4.1. Not a close binary

We used the same cross-correlation technique as described
above to analyse the radial-velocity variations of the
11 medium-resolution spectra (see Sect. 3.1), with their mean
spectrum as template. We find that the scatter of the individual
radial-velocity values around the radial velocity of the mean
spectrum is less than 3 km s−1. This means that the radial-
velocity trends on time scales of one to a few hours as obtained
from the low-resolution spectra (see Fig. 2) are due to instru-
mental effects.
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Fig. 5. Fourier periodogram of the FWHM of the CCF for all 1038 spectra.

5. Fourier analysis of the width of the CCF

In addition to the position of the center of the cross-correlation
function (CCF), taken as the radial velocity, we have also anal-
ysed the width of the CCF. Here we used the FWHM of the
Gaussian fit to the CCF, and Fourier transformed that width.
We used all 1038 spectra in this analysis. No detrending was
done.

The peak of the pulsation period is found at 7.25547 mHz
in the periodogram (see Fig. 5) with amplitude of 16.8 km s−1.
The mean amplitude of the periodogram after prewhitening
with the pulsation period is 1.48 km s−1. Again, no convinc-
ing candidates for additional pulsation period were found, al-
though a peak at 7.9042 mHz (5.8 km s−1) could be considered
if confirmed in other data sets. Since no corresponding peak
was found in the radial-velocity periodogram, we do not con-
sider this peak as real.

The clear presence of the main peak indicates that the width
of the Balmer lines is changing significantly as a function of
pulsation phase (see Fig. 6). As we will discuss in the next
sections, this has its origin in the combined effects of surface-
gravity and temperature variations.

6. Line-profile variations in PG 1325+101

In order to analyse the spectra as a function of pulsation
phase, we first shifted all time-resolved spectra to correct for
the instrumental radial-velocity drifts (see Sect. 4), and we
subsequently folded the spectra in 20 bins according to the
pulsation period derived in Sect. 4. Phase zero corresponds to
heliocentric UT = 0:00 in the morning of 11 February 2003.
The 20 phase-binned spectra have a signal-to-noise ratio in the
range 270 < S/N < 390.

In Fig. 7 we show the phase-binned spectra and their resid-
uals with respect to the mean spectrum. It becomes clear from
the middle and bottom part of Fig. 7 that the behavior of the
variations in the lines is similar for all lines that have sufficient
signal, except for the He II line at 4686 Å which is in anti-phase
with the other lines (the He II line at 5412 Å shows the same be-
havior but is not included in the plot). This anti-phase behavior
is exactly as predicted by the model spectra, since in this tem-
perature range He II lines get more prominent while He I less

Fig. 6. Width of the CCF phased with pulsation period ( f1 =

7.25558 mHz). Shown are a sine fit, and a sine fit with first and second
harmonic component.

so. It is also clear that the residual variability in the
Balmer lines shows up as a from blue to red moving pattern,
and that the pattern extends over at least 15–20 Å in the central
part of the profile.

As the star shows only one very dominant pulsation mode,
we can use the phase-binned spectra to model the modal
surface-temperature and gravity changes without too much in-
fluence from any other modes in the phased spectra. For this
purpose we have used the LTE spectral synthesis model at-
mospheres of Heber et al. (2000), fitted with the χ2 proce-
dure of Bergeron et al. (1992) and updated to three dimensions
by Saffer et al. (1994) in order to incorporate helium abun-
dance into the simultaneous fitting of effective temperature and
gravity.

We first used the models to redetermine the continuum in
the wavelength region around the high-order Balmer lines of
the mean spectrum. Subsequently we adjusted the continuum
of the phase-binned spectra according to the continuum correc-
tion of the mean spectrum, and refitted the individual phase-
binned spectra (see Fig. 8) to yield values of temperature, grav-
ity and helium abundance as a function of pulsation phase.
As can be seen from the left panel of Fig. 9, the fitted tem-



690 J. H. Telting and R. H. Østensen: Radial-velocity and line-profile variations in the sdBV star PG 1325+101

Fig. 7. Mean spectrum and residuals (mean subtracted) of the 20 phase-binned spectra. Two phase cycles of the residuals are plotted in grey
scale representation.

perature and gravity varies with the same period as the radial
velocity variations, while the helium abundance does not, as
one would expect. In the final iteration the helium abundance
was kept fixed to the average value found in the previous fit
(log n(He)/n(H) = –1.65), and the lines were shifted according
to the RV found for each phase-binned spectrum. As one can
see from the right panel of Fig. 9, this does not change the result
much: the formal errors are smaller, and the average tempera-
ture differs by only 15 K and log g by 0.0015 dex. The mean
Teff and log g of PG 1325+101 from the final fit were found to
be 34 800 K and 5.805 dex, respectively. Systematic changes to
these numbers are much more dependent on the choice of lines
to include in the fits, than on the other refinements we have
made. Figure 8 shows the fits to the lines for the first phase bin
when all the 17 lines shown are included (left), when only the
Balmer lines are used in the fit (middle), and finally when only
the helium lines are used (right). It is clear from the figure that
the He II lines in particular point toward a higher temperature
than the Balmer lines. The average fit results in the Balmer-line
only fits is Teff = 34 660 K and log g = 5.798 dex, and in the
helium-line only fits is Teff = 37 050 K (with log g fixed to a
value of 5.798 dex). The formal errors are much larger for the
helium-only fits, as expected due to the reduced number of data
points in the much narrower lines. The discrepancy between
the temperature derived from Balmer lines versus that derived
from helium lines has been noted in sdOB stars before (Heber
et al. 2000; Edelmann et al. 2003). Although the models have
a problem with reconciling the absolute temperatures derived
from Balmer and helium lines, the amplitudes of the calculated
periodic variation of these values are similar for both cases, and
our conclusions regarding the radial velocities are unaffected.

It is clear from Fig. 9 that the variations seen in the profiles
can be understood as pulsational surface-gravity and surface-
temperature changes. For a canonical sdB mass of 0.5 M� the
observed mean gravity leads to a radius of 0.15 R�.

7. Discussion

As discussed by O’Toole et al. (2003), the radial-velocity vari-
ations and surface-gravity variations both hold information on
the 3-dimensional pulsational eigenfunction. Here we investi-
gate whether the observed amplitudes of the radial-velocity and
surface-gravity variations in PG 1325+101 are consistent with
each other in the case of a radial pulsation mode.

We used the model presented by Schrijvers et al. (1997) to
test what amplitude we expect to find for the variations of the
center of the CCF of a Balmer line, as a function of the physical
amplitude on the star. We used a Lorentzian profile, with depth
and width matched to those of the Hβ line of PG 1325+101,
as the intrinsic profile in these calculations. In this exercise
we neglected any surface-temperature and surface-gravity ef-
fects in the profiles, as these have little influence on the pulsa-
tional radial-velocity variations of a radial mode. We find that
for a radial mode to result in a CCF radial-velocity amplitude
of 12.3 km s−1, the physical amplitude on the star has to be Av =

18.0 km s−1. For a sinusoidal pulsation, this implies that the
amplitude of the radius variation and the amplitude of the pul-
sational acceleration are Ar = Av

P
2π = 394 km = 0.00056 R� ∼

0.004 R∗ and Aa = Av
2π
P = 0.82 km/s2 respectively.

From our fits to the model spectra we find that the ampli-
tude of the variation of the measured surface gravity due to the
pulsation is ∆log g = 0.051 (0.005) dex (corrected for phase
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Fig. 8. Model fits to the Balmer and helium line profiles, shown for the first phase bin only. The leftmost plot shows the fit when all lines shown
are used in the fitting, the middle one when only the Balmer lines are used, and the rightmost one when only the helium lines are used. The
observed data is plotted histogram style, and the model spectra with continuous curves for fitted lines and dotted curves for lines not included
in the fit.

Fig. 9. Results of fitting model spectra as a function of pulsation phase. The left panel shows fit of temperature (bullets), gravity (asterisk) and
helium abundance (diamonds) to the spectra when using a fixed radial velocity. Two phase cycles are plotted to guide the eye. The right panel
shows the results of the fits to temperature and gravity when using the average helium abundace from the first fit (dashed line in left panel), and
radial velocities as fitted to each individual spectrum (triangles in right panel).

smearing). This amplitude was determined by fitting a sinu-
soid to the variations (see Fig. 9). The amplitude of the radius
variation Ar gives rise to ∆log g = ±0.003 dex, and cannot ex-
plain the observed surface-gravity variation. On the contrary,
the amplitude of the pulsational acceleration Aa gives rise to
∆log g = ±0.056 dex and hence is consistent with the observed
gravity variation. Our result is consistent with the findings of
De Ridder et al. (2002), who concluded that the effect of the
pulsational acceleration on the effective gravity of β Cephei

stars is an order of magnitude more important than the radius
variation.

The phases of the variations in temperature, gravity and
radial velocity, were derived from the sine fits (Fig. 9): φT =

0.68(0.01), φlog(g) = 0.64(0.01), and φVrad = 0.39(0.01) with the
phases expressed in 2π radians. The phase difference between
the gravity and the radial-velocity variations is consistent with
the expected value of π/2 radians. The phase difference be-
tween the gravity and temperature variations is due to the non-
adiabatic nature of the pulsation.
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Fig. 10. As Fig. 7 for the model fits to the phase-binned spectra.

It remains to be investigated if the ratio of observed am-
plitudes of surface gravity and radial velocity depend on the
pulsation mode. As shown above, the observed amplitudes in
PG 1325+101 are consistent with those expected for a radial
mode. Further detailed modeling of these amplitudes, as a func-
tion of inclination angle, pulsational degree, and azimuthal or-
der will indicate if the gravity variations hold additional infor-
mation that can be used to conclusively identify the pulsation
mode.

8. Conclusions

From a new dataset of more than 1000 time-resolved low-
resolution spectra of the pulsating sdB star PG 1325+101
we derived a pulsational radial velocity amplitude of
12.3(0.9) km s−1, using a spectral cross-correlation analysis.
The dominant pulsation frequency is f1 = 7.2556 mHz. We did
not find evidence for other pulsation frequencies in the radial
velocity data. When we Fourier analysed the width of the cross-
correlation function, we recovered a clear peak at f1, which
indicates that the width of the Balmer lines is changing as a
function of pulsation phase.

By binning the time-resolved spectra according to the ob-
served pulsation frequency, we have demonstrated clear line-
profile variations in the Balmer and He lines sampled by the
spectra. Model fits to the phase-binned spectra showed that
the amplitudes of the apparent temperature and surface-gravity
variations are 610(30) K and 0.051(5) dex respectively. The
average values for PG 1325+101 are Teff = 34 800 K, log g =
5.81 dex, and log n(He)/n(H) = −1.65.

Our analysis showed that the amplitudes of the radial-
velocity and surface-gravity variations are consistent with those
expected for a radial mode with 18 km s−1 physical amplitude.

However, it remains to be investigated through detailed model-
ing, whether other modes can lead to similar observed ampli-
tudes, or that the observed characteristics uniquely point to a
radial mode.
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