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Abstract. We present results from an international spectroscopic and photometric campaig Qttliestar AV Cet. The star

has a rich and complex pulsation spectrum, and we find 7 individual frequencies, with evidence for many more present below
our detection limit. We investigate the prospects for mode identification in fast rotators, using seferahtiechniques. We
compare the methods and conclude that although no single technique can give unambiguous mode identification, the collective
evidence does allow some conclusions to be drawn, suggesting the presence of one radial mode at'1D686gl the
campaign we found the star HD 9139 to be a variable. From our photometry we find evidence for a variability time scale
around 1 day, but we cannot find an unambiguous interpretation for its light variations.
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1. Introduction photometric techniques and a technique that combines simulta-

- .__..neous photometry and low dispersion spectroscopy.
Among the most promising targets for successful application P y P P Py

of asteroseismology are tdeScuti stars. They have rich sets of The star AV Cet is a relatively poorly studied star, al-
oscillation modes which in many cases are readily observahigugh it was recognised as a variable more than 30 years
Unfortunately, eaclda Scuti star is only found to oscillate in aago by Jgrgensen et al. (1971). Gonzalez-Bedolla (1990) and
seemingly random subset of possible modes, makingfitdit Gonzalez-Bedolla et al. (1990) found one frequency interpreted
to identify exactly which modes are observed. To further coras the fundamental mode, and also some evidence of another
plicate matters, many of these stars are rapid rotators, whiglbde. From their short photoelectric light curves it is evident
causes displacement of the frequencies. In fact, the proper treiaét the star is multiperiodic. The multiperiodicity was also ev-
ment of rotation seems to be one of the major obstacles for rgiint from the line index variations of (Hand Hy, found by
progress in our understanding of th&cuti stars. Dall & Frandsen (2002), from only four hours of spectroscopy.
In the last years, considerablfi@t has been expended toDespite the poor time coverage, the modes found by Gonzalez-
establish reliable mode identifications for a numbes &cuti Bedolla could be confirmed and moreover, evidence for more
stars, but in most cases we are left with some ambiguitpodes at higher frequencies was found. It was thus clear that
Purely photometric techniques have the advantage of greaber pulsational content of AV Cet was not secured and that
efficiency, and ultimately the ability to observe fainter starsiore observations were needed.
than is possible with spectroscopy. A secure mode identifica- ) . ]
tion seems only possible if several techniques agree. Especially!n this paper we report a multi-observatory campaign
for rapidly rotating stars, there are too many free parametéfducted in October and November of 2001, aimed at es-

and the understanding of rotation is too poor for one meth&lishing the main pulsational modes of AV Cet and, via
alone to give a unique answer. spectroscopy and multicolour photometry, attempting a mode

In this paper we present results on the fast rotatit entification. This strategy is the same as was used by e.g.

5 Scuti star AV Cet (HD8511, FOW = 6.21, vsini = Iskum et al. (1998) and by Dall et al. (2002): by know-

212 kms1), discussing mode identification using both purel{?9 the frequencies found from a photometric campaign, we
tan measure the amplitudes of the spectroscopic line indices

Send gprint requests toT. H. Dall, e-mail:tdall@eso.org of the Balmer linesA", without having to solve for the fre-
* Based partly on observations made with the Danish 1.5 @uencies simultaneously. Moreover, we can compare the results
telescope at ESO, La Silla, Chile. from using diferent mode identification techniques.
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Table 1. Details on the telescopes and observations.

Telescope Nights Hours
Observatory diam. [cm] assignetserved obtained Remarks
ESO, La Silla 50 ® 41.5 uby photometry
SAAQ, Sutherland 50 19 42.2 vby photometry
ESO, La Silla 154 96 35.4 spectroscopy

a Granted 8 nights, but received half a non-photometric night from previous observer who needed photometric conditions.

2. Observations 3.2. Spectroscopy

In order to determine the frequency content of AV Cet and fthe spectra were reduced using standard methods withiRAF
be able to resolve modes with close frequencies, we neededAfter extraction of a spectrum, it was normalised to unity
long continuous photometric coverage. We observed in thg dividing it by a fit to the sum of all the spectra. The
Stramgren photometric filters in order to determine the pulsapectra were neither wavelength calibrated nor flux calibrated,
tion periods, and the amplitudes in thby bands, to be used since the equivalent widttEW) and the line indices are rela-
for pulsation modelling and mode identification. tive quantities that are internally normalised by the continuum
On the Danish 50 cm Sinigren Automatic Telescopelevel. Consequently, they are not dependent on the precise in-
(SAT) on La Silla we collected simultaneousbydata with the tensity unit. Also, since we are looking for relative changes
four-channel photometer. On the 50 cm telescope at the Sotathhis relative quantity, the amplitudes will be dimensionless,
African Astronomical Observatory (SAAQO), we acquired seience there is no need to convert pixel coordinates into true
guentialvby data, excludingi because of its restricted use fowavelength coordinates.
mode identification of Scuti stars and to achieve denser data The line indices A" were calculated for the
sampling. Balmer lines K, HB, Hy, and H following the proce-
With the Danish 1.54 m and DFOSC on La Silla, we hadures described by Dall (2000) and applied by Dall et al.
8 nights of low resolution long slit spectroscopy. Resolutiof2002) and Dall & Frandsen (2002). In short, a line index can
was around 6 A with a 1/5slit, covering the Balmer lines from be considered an analogue to a colour index, using software
Ha to He. The CCD was windowed to improve the duty cycleffilters” centered on the lines. The filters we have used are
which with exposure times around 25-30 s was around 4036-called super-Gaussians;
These observations were carried out simultaneously with the 8
photometric campaign. W = exp(— (ﬂ) ) , @
Table 1 summarises the observations, which were all con- b

ducted between 24 Oct. and 4 Nov. 2001. wherexg is the position of the line centre, abds the HWHM.

Note the exponent of 8.
3. Data reduction

3.1. Strémgren photometry 4. HD 9139: An unclassified variable star

The data from SAT and SAAO were reduced independently aligvas clear from the light curves that HD 9139 was not suited
later combined. For both data sets, we used HD 8070\(F2, as a comparison star, and it is also clea_r that some sgemlngly
6.6) and HD 9139 (F5Y = 6.7) as comparison stars. It |ate|per|9d|c varlatlons are the cause. A plenod analysis gives two
turned out that HD 9139 is variable, and thus only HD 807‘?Pm'n,ant signals at 0.34Hand 0.91d", but ShOW.S no signs
was used as comparison. We will discuss the case of HD 91%3gPeriods shorter than 1 day. However, there is a consider-
in Sect. 4. able amount of scatter at higher frequencies, which was why
The SAT data were reduced using the standard software 4&- "' led to reject it as a comparison. We will discuss the
veloped at Copenhagen University Observatory. The reductioi'S€ of 'Fhese va.rlgtlons in terms of damped pu_lsat|on, mag-
included airmass correction using standard extinctiorﬂcrsoene“(’/mt"’mon,al a_mthlty and n_earby stellar companions.
cients, and transformation to the standard photometric system. The star is listed as F5 in SIMBAD with no indication of

The SAAO photometry was also reduced in a standard Wé&mnosny class. Also, no measurementsvsini have been

The correction for coincidence losses was followed by s (IjﬂeDSgEg f the HIPPARCOS missi ESA
background subtraction. Nightly extinction ¢beients were was a target of the mission (

determined by means of the measurements of the constant cbiie/)» and Soingren photometric indices are available from
parison star HD 8070, and relative light curves of AV Cet andi |\gRar is distributed by the National Optical Astronomy

HD 9139 were computed with respect. to HD.8070_- Observatories, which are operated by the Association of Universities
The timings were converted to Heliocentric Julian Date beésr Research in Astronomy, Inc., under cooperative agreement with
fore combining the data sets from the two observatories.  the National Science Foundation.
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the Lausanne-Geneva data FaJde calibrations of Crawford source in the vicinity of HD 9139. The nature of HD 9139 and
(1975) suggest the star is unreddened andvhas 1.25+0.30. its variability thus is still not clear.

It also seems metal-rich, as Nissen'’s (1988) calibration of the

metallicity indicatormg results in M/H] = 0.25 forHD 9139. 5 Time series analysis

The HIPPARCOS parallax of the star implid4, = 1.68 +

0.23, roughly in agreement with the absolute magnitude frof stated earlier, the spectroscopic analysis was never expected
the Stomgren colours. The model atmosphere calibrations 'f deliver the mode frequencies, but only to provide ampli-
Kurucz (1991) then yieldez = 6850+ 100K and logg = tudes and phases in the line indic&s to be used for mode

3.3+ 0.1, which is near the red edge of theScuti instability identification.
strip. The photometry on the other hand is crucial in establishing

We have obtained high-resolution spectra of HD 9139 u&1€ frequency content of AV Cet, and also for providing am-
ing the FEROS spectrograph on the ESO 1.52-m at La Sipgtudgs ar_1d phases for t.he mode |dent|f|cat.|on. Below, we will
Observatory. From the Fdine at 4405 A we estimatesini ~ describe first the analysis of the photometric data, and present
75 kms?, hence a moderate rotation rate for a star at tHide results. Next, with the resulting mode frequencies, we will
position in the HR diagram. Comparison with spectra corff€/ve amplitudes and phases for the line indices.
piled by R. O. Gray leads to a spectral type F5lIl-1V, based
on the CaiK line, the G-band, the strength of the Balmek_ 1. Strémgren photometry: Finding the mode
lines, and the Ca Fer and Mnl lines in the 4000-4400 A frequencies
range. The luminosity class was derived from #4@77 Sn1
and14172-8 Ti, Fell lines. This again places HD 9139 neaPefore commencing the frequency analysis, both series were
the red edge of the instability strip, making iseScuti ory individually cleaned of deviant points, using a £riterion,
Doradus candidate. We plan to analyse the spectrum in de@dlfl then merged. Since there is no overlap between the two
and describe the characteristics in terms of basic parametégéies, we avoid problems with distortion of the window func-
abundances angsini. With the knowledge of the abundancdion, caused by having higher weight in the overlap regions.
pattern we can try to sort out, whether the variability is dukhe diferences between the mean values of the two data sets
to a pulsational instability of some sort, due to magnetic €ft any filter are of the order of 0.3%. The correction of this
fects (spots) coupled with rotation or due to some other pH¥Eset was found to have ndfect on the time series analysis.
nomenon. This will be the subject of a later paper. _The observing procedure at the SAT yielded onley data

Using the abovementioneld, and Ter We can estimate point every few mlnutes,.larg.ely oversampling t.he.tlme series.
a radiusR = 3.75 R, for HD 9139. The star then should havdience, we combined points in the SAT data, bringing the sam-

a fundamental radial mode period ef. day (corresponding pling of the two data sets closer, in order not to artificially
to a pulsation constar® = 0.033d), which agrees with oneVeight one set more than the other. The combination was done
of the two time scales found. This argues immediately agaif§i"d @ Weight based on the point to point scatter, multiplied by
an interpretation of HD 9139 asyaDoradus star, as those ob& time-diference sensitive Gaussian weight. Our optimisation
jects have high-order g-modes exciteé@ & 0 Zéd Handler lead to a re-sampling close to 11 min for the SAT data. This
& Shobbrook 2002). We also note that, within the errors, tr{S'iamp"”ﬁl was also found to be optimal with respec /i
amplitudes of these two variations do not change significantf}y 1€ amplitude spectrum.

between theby bands, which is inconsistent with pulsational ' "€ Weighting scheme applied here is the one recom-
variability. mended by Handler (2003), which is an improvement of a

S : - . scheme used by e.g. Viskum et al. (1998) and Frandsen et al.
Another possibility is magnetic activity on the star, |mply11995) using a weight proportional to*, wherec- is an esti-
ing an Ap (or Fp) spectral type, which would produce a r ' '

tationall dulated variation. We find f the derived I%ate of the internal scatter, axdn general is close to 1. The
ationally modulated variation. Ve find from the derived value o1 a1 was in our case found tosbe 0.9, by optimising

ofv_sini an upper limiton the rotati_onal period around 2.5 qayﬁm finalS/N in the amplitude spectrum. The internal scatter
which within the errors agree with the 0.3¢dfound. This was calculated from a high-pass filtered series, and the weights

would |m_ply anear equator-on view .of.the .star. Hovye\{er, Where Fourier analysed to check for any periodicities; none were
would still expect to see colour variation if the variation ig

: " ) und
due to surface abundance inhomogeneities. More |mportanﬁy

o o The frequency analysis was done using Period98 (Sperl
however_, the spectrl_Jm of HD 9139 indicates that itis a nor%QS) finding and prewhitening one frequency at a time, until
F-star with no peculiar abundances.

no more peaks aboverdwere present in the amplitude spec-
The apparent variability might be explained by contamingym. At each step care was taken to avoid errors due to
tion from a nearby star, letting varying amounts of light into th&liasing, by checking also theld™ solutions. Finally, fre-
diaphragm of the photometer, although this is expected to leggencies, amplitudes and phases were determined by a simul-
to shorter time scales. We do not find any likely contaminatiRgineous fit around the final frequency table. The formal uncer-
tainty on the frequencies is 0.05'dfrom the total time span
2 http://obswww.unige.ch/gcpd/gepd. html of the observations of 10.04 days. We estimated the additional
3 http://nedwww.ipac.caltech.edu/level5/Gray/ errors introduced by underlying modes and aliases by applying
frames.html several schemes of weighting and extraction of the frequencies
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Fig. 1. Thevby amplitude spectra of AV Cet. Fig. 2. Thevby amplitude spectra of AV Cet after prewhitening with

the frequencies f1-f7. There are quite evidently more modes present,
Table 2. Modes detected in AV Cet. f1-f7 we regard as “safe”, whilg0st noticeable around 17°dand 30d" but these all have severe
the remaining modes all have some problems. See text for discussRJiSing problems. See Table 2 and text for discussion.

Frequency Amplitude [mmag] suggesting the presence of many unresolved low amplitude
D [d] v b y S/N, Mmodes. Note that f5 is not detected aboweid any individual
band §/N = 3.7 inb andy). However, based on the collective
fl 15.915 6.00:0.44 546+0.50 4.39:036 136 & igence and on the fact that we find this mode abavéndall
f2 14598 3.09:0.43 2.96+0.46 2.54+0.34 7.2 thelineindices (Sect. 5.2), we have confidence in its reality.
3 21.200 2.14: 048 1.76+0.44 1.71+ 040 45 The interpretation of the “modes” n8—n10 listed at the bot-
tom of Table 2 is very problematic in such densely populated
f4 30.833 2.58:0.54 2.01+047 2.03:037 4.8 amplitude spectra. We do not feel confident about claiming ac-
f5 28.158 2.17%+0.64 2.12+0.57 1.70+:0.46 3.4 curacy or even reality for these modes, although they all stand
6 16.356 2.00: 047 1.69+0.52 1.31+037 473 Outbetter thand& above the noise in at least one of the bands.
Still, we find it worthwhile to list them for later reference. The
inclusion of these modes in the solution for the amplitudes and
The following modes are uncertain. See text for discussion. phases, does not alter the solutions for f1-f7 noticeably.
ns 17.59 1.49 1.75 1.19 For n8, we note that it is close to f23d™1. On the other
hand, it has significant amplitude, suggesting an independent
mode interfering with the aliases of f2. The frequency of this
n10 30.38 191 1.39 1.17 mode however, must remain very uncertain given the large
amount of unresolved modes evident in this region. The vari-
ations at frequency n9 may very well be an alias peak, and
to the individual filters. The rms on the extracted frequencies merely included to show the level of unresolved power
was for all modes less than 0.01*dhence we adopt an erroraround this frequency. From Fig. 2 one may see two peaks
of 0.05d™* for the frequencies f1-f7 to be conservative. Tharound 30 d* separated by 1d. Whether this represents two
results are summarised in Table 2. The amplitude spectra in thedes interfering with each others aliases, or just a single
filters vby are shown in Fig. 1, while Fig. 2 show the corremode (n10) is not clear.
sponding spectra after removal of the frequencies f1-f7.
The errors on f1-f7 were calculated from the local resig- o . .
uals in the amplitude spectra after prewhitening with f1—f$.'2' Spectroscopic time series analysis
These errors do also include the contributions from n8—nIBe calculation of the line indices involves choosing an inte-
and from any other undetected modes present. The noise lgyation filter for each line. This was done in the same way for
at frequencies above 40'd where the spectrum is essentiallyall lines, finding the super-Gaussian filter that would optimise
flat, was about a factor 2-2.5 better than the ones listed heheS/N on the amplitude of f1.

f7 10.681 1.64:0.39 1.38+0.40 1.28+0.33 4.2

n9 14.19 1.03 1.14 1.00
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Fig. 3. Amplitude spectra oh\™. The upper panel shows the amplitig 4 Amplitude spectra oA™ after prewhitening with the frequen-
tude spectrum for an integration filter |_nclu_d|ng mqst of the line, whilgjes +1_f7. The upper panel is for an integration filter including most
the lower one shows the result for a filter integrating only the core gf he jine, while the lower panel shows the result for a filter integrat-
the line. ing only the core of the line. As is evident, there are unresolved modes

hidden in the noise.
Table 3. Results from prewhitening the line indices with f1-f7. All

amplitudes are for the filter labelldm= 30 (Eq. (1)), except fonHS
which lists the amplitudes in a filter that integrates only the core of
the Hs line. See text for discussion.

accuracy of the amplitude determinations wiltfew, as was the
Amplitude [promillef case for the photometry. The noise varies fret6 promille

D AHB AHr AHS AM5 S/N,;  around 10d?, rising to~0.8 promille at 30d*, and levels out

to around~ 0.3 promille above 40, which is the white noise

level. Thus, the major contribution to the uncertainties comes

f2 1.78+0.50 1.26+0.72 1.78:0.40 279:0.42 3.0 from the unresolved modes, without which we would have

f4 2.03£0.73 2.14+0.78 1.82+0.75 1.11+0.47 2.4 gained up to a factor of 2.5 on tiSN.

f5 3.08+0.73 3.21+0.79 3.13+0.72 1.37+0.49 4.1 Although the formal errors on the weaker modes are large,
we can still have confidence in them since AV Cet is known to
pulsate with these frequencies, found from the photometry.

In Table 3 we have listed the amplitudes of & khe in-

2 promilleis parts-per-thousand. One promille equals 1.086 mmag.dexAH%® which is a very narrow integration filter that measures
the amplitude in the core of the line. Note that f7 is significantly
stronger here than in the line as a whole, meaning either that

The line indices of the Balmer lines were analysed using tHee variation is taking place only in the line core, or that the
frequencies f1-f7 found in the $imgren photometry as input.phase of the mode is changing between the core and the wings.

Before analysis the raw series was sigma-clipped to remdygfortunately, we do not have 8icientS/N to separate these

very deviant points. There were some obvious drifts in the d#0 hypotheses, but an analysis of the line wings indicates that

ries, which can often be removed by decorrelation with indée mode is present but with a changing phase through the line.
pendent parameters that do not contain the pulsation sigrdle other modes have a constant phase regardless of the posi-

However, an investigation of external parameters like positiéan in the line.

of the spectrum on the CCD, seeing, continuum curvature etc. We do not have a good model of the cause for this be-

did not reveal any correlations or did not contain traces of th@viour, but we might suggest that the nature of the mode is

pulsational signal. Hence, we decided not to apply decorretfiferent from the other modes. The apparent presence of nodal

tion to the series. Instead, the series was high-pass filtered tgifess in the phase suggests highi.e. it could be a mode
move the drifts, while retaining the information in the (knowngf m > 2. The low frequency of this signal lets us speculate
region of interest from-8 d* and higher. Proper weights werenat it could also be g-mode or a mixed mode. Another expla-
constructed as outlined in the previous section. nation dfered by Dall & Frandsen (2002) is that we see the ef-

The results from prewhitening with f1-f7 are summariseféct of two very close unresolved modes, whose eigenfunctions
in Table 3. The amplitude spectrum, and the residuals aftge sampled dierently at diferent depths of the atmosphere.
prewhitening are shown in Fig. 3. As we have strong indications of many unresolved modes, this

As evident from Fig. 4 there are more modes exciteskems likely, although we do not have a precise model of such
in this star than the seven removed, which means that thecenario.

fl 4.64+050 5.27+0.72 4.65+0.40 3.09+0.48 116

f6 0.99+0.50 2.00+0.72 1.38+0.40 1.71+0.47 3.5
f7 0.99+0.55 0.83+0.71 0.99+0.52 1.95+ 0.66 1.9
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Table 4. Comparison between this work and earlier data. The formal 16 7 LI LA
errors on the GB amplitudes are 0.50 mmag. r
2001 1984
ID y \Y;
fl 4.39 2.61 =
f2 2.54 4.45 3
3 1.71 2.41
f4 2.03 0.98
5 1.70 1.21
f6 1.31 0.79 L
7 1.28 0.78 [1Y: J PSP R AN S N
4 3.95 3.9 3.85 3.8
log Ty

5.3. Consistency with previous results? Fig. 5. AV Cet in the theoretical HR diagram. The filled circle shows

The findings by Dall & Frandsen (2002) of three moddfe temperature and luminosity constraints we derived; error bars
in AV Cet from four hours of line index measurement&" these determinations are indicated. Stellar evolutionary tracks for
in Oct. 2000, can now be reassessed. Given the low freque[lQ els with £] = 0.015 andio.zaws = 250 km s are indicated and

. S . lled with their masses. The slanted solid line depicts the ZAMS for
resolution many of the determinations are ambiguous, hencet se models, and the slanted dotted lines are the edgesoSthéi

f2 and f6 can not be disentangled. Fitting these three as a singlg, iy strip. The thick sections of the evolutionary tracks cor-

mode, and keeping 3, 4, f5 and {7, we are able to fit the shegkpond to models whose range of unstable pulsational frequencies
data set very well. Notably, we find that the high frequengyatches that of AV Cet.

modes have amplitudes comparable to the main mode.
We have investigated the photoelectric data of Gonzalez-

Bedolla (1990), to check if the modes we hf”“’e found iI%r AV Cet and the model atmosphere grids by Kurucz (1991)
our data from Oct. 2001 were also present in Sep. 19?{4\'ply Tor = 7820K as well as log = 4.1

Gonzalez-Bedolla reported the dominant mode at 14.593 ; o o

. . Applying the calibration of Geneva photometry byiZli

t(:)ourf2 gode()jwﬂ? a'POtt)lheZ,mOde arou??h19.18t3|filk(=}ly to et al. (1997) to AV Cet, we finde; = 7650K, logg = 4.0
e our f3 mode). In Table 4 we present the results of a rean > well as M/H] = —0.2, which is in good agreement with

ysis of the data using our f1-f7. As Gonzalez-Bedolla, we find, - \+-ome from the application of the @mgren colour cal-

f2 to be dominant with f1 and 3 also present. The modes f4“| rations. Consequently, we adopg = 7730« 90K as our

are not present above the devel. Hence, no measurable hlglrfemperature estimate, and with the bolometric corrections by

frequency modes were present in 1984, and thus there was wer (1996) and Drilling & Landolt (2000) we finkilg =
nificant redistribution of the pulsational energy in the cour 0+02

of 16 years, possibly including amplitude variations an To place AV Cet in a theoretical HR diagram, its pro-

excitation of new modes. jected rotational velocity is also required. Two determinations
are available from the literature: Abt & Morrell (1995) deter-

6. Discussion minedv sini = 195 km s, and Royer et al. (2002) measured
o vsini = 212 km s. As this is close to the break-up rotational
6.1. Temperature and luminosity of AV Cet velocity of a main-sequence A star, we must see AV Cet close

The discussion of the pulsational behaviour of AV Cet rd® €quator-on. _
quires some knowledge of the star's position in the HR dia- e computed evolutionary sequences of stellar models
gram. As AV Cet was both a target of the HIPPARCOS midith the Warsaw-New Jersey code (see e.g. Pamyatnykh et al.
sion (ESA 1997) and as standard photometric colours in botR98 for a description). Owing to the observational constraints
the Stomgren and Geneva systems are also avafatiteef- determined above, we chose models with a heavy-element
fective temperature and luminosity can be determined. abundancleZ[l = 0.015 and a rotational velocity Qfrot =

The calibrations of the Strigren system by Crawford 250 km s+ on the ZAMS. No convective core overshooting
(1979) applied to AV Cet suggest that the star is unredden®fS used. We compare these tracks with the temperature and

slightly metal deficientdm, = 0.016) and that it has an ab-luminosity of AV Cetin Fig. 5.
solute magnituddl, = 2.1 + 0.3. This is in excellent agree-  tiS suggested that AV Cet s a star o7 5+ 0.06 Mo about

ment with the HIPPARCOS result:= 1483+ 0.77 mas com- nalfway inits main sequence evolutionary phase. We can check
bined withV = 6.21 givesM, = 2.07 + 0.12. Smalley’s (1993) this finding with the application of a pulsational stability anal-

calibration in terms of metallicity suggestM[H] = —0.09 ysis (as explained by Pamyatnykh 2003). In brief, the range
of unstable pulsation frequencies of a given pulsational model

4 http://obswww.unige.ch/gcpd/gcpd.html changes as it evolves. This frequency range can be matched
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with the one actually observed in the star. We have applied thii® rotation period andsini independently. The modes with
method to AV Cet (taking into account rotational splitting dukow amplitude ratios would nevertheless still have the smallest
to fast rotation as well) along the evolutionary tracks plottemmount of spatial structure, so if we were to look for any radial
in Fig. 5, where models that reproduce the observed frequemneydes, we would have to look among these modes. In the case
range with theirf = 0-2 modes are located along the thiclof AV Cet, this means that if the star has radial modes, they
parts of the tracks. We find very good agreement between theuld likely be found among the modes f2 and f7.
parameter space occupied by those models and the observaThe multi-colour photometric method has been very suc-
tionally determined position of AV Cet in the HR diagram. Theessful in the past, using the Garrido-diagram (Garrido et al.
modes excited in the models that match our constraint on th@90). One of the most serious shortcomings in this case is
temperature from the colour photometry range from (almoshe lack of understanding of theffects of fast rotation, and
pure g modes that start agz on the ZAMS through mixed of models able to take those into account. Such models would
modes up to pur@ modes of radial order 5. be necessary to assign “regions of interest” for specific val-
However, since such a fast rotating star will be highly flates of¢ within the diagram. But even if such models were
tened with many complicated phenomena going on like migt hand, the #ort would be unfruitful because of the high rota-
ing, meridional circulations etc., we do not expect any curretion rate of AV Cet, which would cause the “regions of interest”
state-of-the-art models to fully describe AV Cet. to be not only inaccurate, but also to a great extent overlapping,
hence making any identifications ambiguous. It is worth noting
the large range in phasefidirence for AV Cet: for most other
6.2. On mode identifications starsgy_, — ¢, Spans no more than 50while here we have a

As is evident from Figs. 2 and 4, we have not succeededrfionge (.)f atleast 200and.even i we disregard the most uncer-
. n point (f7), the range is more than X00
extract all the pulsation modes that our formal accuracy woutf%]| _ .
In the case of FG Vir, Breger et al. (1999) pointed out

have allowed us to, mostly because of severe aliasing problems q t bet the Garrido-di dth
in regions very densely populated with unresolved modes. THj Very good agreement between the >arrido-dlagram and the

is true both for the Sarhgren photometry and for the line indexV'Skum diagram in determining thevalues for the strongest

spectroscopy, and it may even b&elient modes that dominatemodes of FG Vir. In the diagram presented by Breger et al., the

the residuals. As there is still substantial power left we can rmpdes are clearly grouped along a line of negative slope. One

expect to be able to make very accurate mode identificatid} uping corresponding to th? radial modes was located at low
based on amplitude ratios and phad&déences. A(H)/A(v) andg, - ¢, ~ 2°, while high< modes were grouped

at highA(H)/A(v) andg, — ¢, ~ —7°. Only if we take the errors
Nevertheless, we presentin Fig. 6 some mode identificati GhA(H)/AW) 90—y y

| din the I With . el o consideration in the Breger-diagram of AV Cet do we find
plots suggested in the literature. Without attempting any defs o resemblance, which would then indicate high spherical

hite mode identification, we will in the following compare thede ree for the f3 mode, while the rest would have considerable
methods and discuss whether they collectively can point to biguity

conclusmn_s. ) i Without making any physical assumptions, Paparo &
In the Viskum-diagram (e.g. Viskum et al. 1998, upper leflarien (2000) tested all possible combinations of photomet-
hand side panel of Fig. 6) the modes are grouped according;to,mpjitude ratios and phasefidirences for the groupings
their spatial structure, i.e. to thefior mvalues, with lowé, min ¢ yodes; that might be useful for mode identification in the
the lower left and high; m towards the upper right. This plotg;iar g Tuc. They found that the combinatioh(b)/A(y) ver-
does indeed seem to indicate groupings, leading to f2 andg{{g b, — ¢ Was particularly useful for separating modes
peing rqdial modes. Alter_nati_vely, givep the large errors on f4s giferent degree and radial order without giving any
its special phase values in Fig. 6 and its low frequency, & bglact assignments to particular groups. The corresponding
ter interpretation is that {7 is a low degree 1) g-mode. AS  papargsterken-diagram for AV Cet may indeed show some
discussed by Dall & Frandsen (2002), radial modes 8tuti separations. Following the interpretation of the phastedi
stars seem to fall near amplitude ratios of 0.5, in support of thg o reflecting the degree, we may here see at least three dif-
interpretation of f2 being radial. However, error bars are largg, ot groupings, with f7 belonging to the lowest one. If we
Certainly, the Viskum diagram has been used with success f.|,,qe f7, the mode with the highest positive phastedi
a number of pulsating stars of various classes in recent yeqfigee is f2, which we already suspected as the radial mode. The
(apart from FG Vir, the most notable are the roAp stair, erors on the amplitude ratios are quite high, and do not al-
Baldry et al. 1998, 1999 and the EC 14026 star PG 3802, |,y ys to suggest any groupings. As with the Garrido-diagram
O'Toole et al. 2003). However, it is very likely that in thee phase dierences span a large range: here the modes cover

regime of very fast rotation, the geometrical properties af} |east 106, while for Tuc the range was35°.
which the method relies are so heavily distorted that the in-

terpretation is no longer correct. For the moderately fast rota-
tor BN Cnc, Dall et al. (2002) discussed the interpretation gf
the amplitude ratios, noting that for such fast rotation the ratios
would depend largely om in combination with the inclina- We have found a previously unknown variable star, HD 9139,
tion angle because of the large amount of gravity darkeningthe nature of which is still unclear. Under a pulsational hypoth-
addition to the limb darkening. Thus, we would need to knoesis, theQ-value disagrees with an interpretation of HD 9139

Conclusions
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Fig. 6. The diferent mode identification plots suggested in the literature. The top left plot is the one used by Viskum et al. (1998) and Dall et
(2002), while the top right one is the plot used by Breger et al. (1999) to demonstrate the good agreement in the case of FG Vir betweel
method of Viskum et al. and the photometric method — which is the plot on the lower left (Garrido et al. 1990). The lower right plot is simil;
to that empirically suggested by Paparo & Sterken (20009 fuc.

as a star of the Doradus type, but the star could bé &cuti 7 = 10.68d* may be a mode ofn > 2 andor a low order
star just leaving the instability strip. g-mode, based on the peculiar behaviour in the line profile of

Another explanation may be abundance inhomogeneitiés Balmer lines, and on its very large phaséetiences, which
possibly induced by magnetic activity, which coupled with rgoint to a diferent mode nature.
tation produces the variation. The spectrum seems however toWe have shown that the various diagrams used for mode
indicate a normal F star. Both scenarios are somewhat limitégntification show significant ffierences between the seven
by the absence of amplitude variations with colour. detected modes. The interpretation igfidult due to the fast

The rapidly rotating’ Scuti star AV Cet has turned out to pdotation of AV _Cet, although one gets an idea about the division
an extremely interesting object. From this observing campaigilethe modes in low and high spatial structure modes. A better
we find seven individual pulsation modes with good evidenégeoretical understanding of théfects of rotation on observ-
for more, and from comparison with old data, we see significafitle pParameters is needed. AV Cet is a highly interesting target
redistribution of pulsational energy, suggesting that the star §@&further studies in this direction because of its unevolved na-
undergone amplitude variations and excitation of new mod#ge and its large number of observable pulsation modes.
during the course of 16 years.
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