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Abstract. New photometric observations of seven intermedis the Ae star HD 104237 that shows both short- and long-te
ate mass pre-main sequentc&cuti candidates are presentedielocity changes of spectral lines (Donati et al. 1997). The
The periods and pulsation modes are derived for two of thesaiations indicate that the star is undergoing radial pulsatio
stars, namely HD 35929 and V351 Ori. The comparison beith a period of approximately 40 minutes and an amplitu
tween observations and nonlinear pulsational models allowsafsabout 1 km s (see also Bhm et al. 2000, in preparation).
to provide some initial constraints on their mass and evolutioimterestingly, HD 104237 is the first intermediate mass P
ary state. As an illustration we discuss the use of periodsditar with a measured magnetic field (Donati et al. 1997). A fe
identify the mode of pulsation in these two stars and to have mew PMS candidate pulsators have been recently identified
independent estimate of their distances. Pigulski et al. (2000).

Stimulated by these initial results, we have started a pho
Key words: stars: distances — stars: evolution — stars: fundaeetric investigation of a sample of seven Herbig Ae stars wi
mental parameters — stars: Hertzsprung—Russel (HR) and Gspéctral types in the range A5 to F5, located within or ne
diagrams — stars: pre-main sequence — stars: variabs: the boundaries of the instability strip. For some of them, lar
time scale variations have been observed during the long t
monitoring program of variable stars conducted at ESO (LT
project: Sterken et al. 1995 and references therein). Howe
no information is available on their variability on time scale
Young pre-main-sequence (PMS) stars of mass greater tBABrter than 2 or 3 days.
~1.5 Mg, cross the region of pulsational instability during their - The main goal of our study is to detect and characterize t
contraction toward the main-sequence. The location of the ulsation properties of young stars. This way, we can impro
stability strip in the H-R diagram has been recently identified yur knowledge of their internal structure and obtain unique co
means of nonlinear models for the first three radial modes (Matraints on the theoretical predictions of the models. Ultimate
coni & Palla 1998). The time spent by intermediate-mass staig analysis of the pulsation characteristics can yield an indir
within the boundaries of the strip represents a small fraction@étimate of the stellar mass. This represents a powerful met
the Kelvin-Helmoltz time scale, varying betweeri0% for a for stars that are not part of the restricted group of spectrosco
star of 1.5 M, and~5% for a 4 M, star. Despite the brevity of binary systems. In this Letter, we report the discovery of t
this phase, however, a number of known Herbig Ae stars haugditional Herbig Ae stars which show evidence for variabilit
the appropriate combination of luminosity and effective tempesf the § Scuti-type.
ature to become pulsationally unstable. In our previous study,
we suggested to look faf Scuti-type photometric variations
with periods of minutes to several hours and amplitudes less
than few tenths of magnitudes in a sample of Herbig Ae stats Selection of the sample, observations and data reduction
whose position in the H-R diagram coincides with the instabili

1. Introduction

i Yhe selection of the stars was based on their spectral type.
Strip. an initial choice, we have adopted values published in the lite

The identification of a few PMS objects pulsatingyé&cuti ; ;
. ture. To have an independent check on the effective temperat
stars (Breger 1972), the prototype being the star HR 5999 (Kuglzthe selected stars, we have used thér8gren photometry

& Marang 1995), has provided some support to the connecti Dvided by the ESO catalogues of the LTPV project. Then
between variability and stellar pulsation. Of particular intere 8 i

ve placedthe starsinthe dereddened color-color [m1]—-[c1]
Send offprint requests 1. Ripepi (ripepi@na.astro.it) agram (see Stmgren 1966), and compared their position wit

* Based on observations carried out at the European Southern Ob@-theoretical colors from model atmospheres (Kurucz 199
vatory, La Silla, Chile under proposals number 62-1-0533, 63-1-0052s a result, we derived a sample of seven stars with spec
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Fig. 1. Upper panels differential (variable-comparison star) light

curves of HD 35929 in the- andb-filters. Filled and open circles refer

to the first and second night of observation respectivawer panel:

frequency spectrum of HD 35929.

Fig. 2. Upper panels differential (variable-comparison star) light
curves of V351 Ori in the labeled filters for the nights of Dec. & (
panel) and Dec. 25rfiddle panel). Lower panel: frequency spectrum

of V351 Ori in the first and second night of observation (solid and dot-
ted lines, respectively). The peak frequency (in daygor each night
types between F5 and A5: V346 Ori, V351 Ori, BF Ori, BN Oriis also indicated.

NX Pup, HD 35929, and AK Sco.

The photometric observations were performed in two runs ) .
with different telescopes at ESO, La Silla. In the first period HD 35929 was observed during two nights (Dec. 28 and
(Dec. 23-29, 1998), we used the 0:8k5k CCD (Tektronix 29, 1998). The stars HD 37399 and HD 37210 were used for

TK512CB) attached to the 0.9m DUTCH telescope. Five of tf@mparison. Unfortunately, HD 37210 turned out to be variable
seven nights were photometric. In the second period (June 38! @ maximum amplitude in the-filter of ~0.03 mag and
July 4, 1999) we used the 212k CCD (LORAL/LESSER) at- @ rather monotonic variation. Therefore, the differential light
tached to the 1.5 m. DANISH telescope. Unfortunately, weattf@{rVe of HD 35929 was derived using the data points relative to
conditions were excellent for accurate photometric observatidi® 37399 only. The instrumental phased light curvesinand

only during one night. Due to their brightness, all of the sourcé¥ aré shown in the two upper panels of Eig. 1. The frequency
are suitable for observations in the@tigrenuvby-system. Two SPectrum of HD 35929 obtained from thefilter is shown in
comparisons stars were used for each candidate variable; wiBg-lower panel of Fid.]1. The frequency spectrum peaks at 5.1
ever possible, we observed the same comparison stars ad in - 0.196d. We note that no significant differences in the
the LTPV program. Data reduction and analysis to derive igalculated period are found using light curves in other filters.

strumental aperture magnitudes were performed following the V391 Ori was observed during the nights of Dec. 23 and
standard procedures under the MIDAS environment. The tygR: 1998. HD 38155 and HD 35298 were used as comparison
cal intrinsic instrumental photometric error in eachd8igren stars. The latter turned out to be a variable star, with a maximum

filter is of the order of a few thousands of a magnitude. amplitude inu of ~0.04 mag and a quasi-periodic behaviour.
Thus, we use only HD 38155 for comparison. The differen-

_ ) tial magnitudes in each filterNu, Av, Ab, Ay, computed as
3. Results:d Scuti candidates variable-comparison) are shown in the upper panels of{Fig. 2.

The stars V346 Ori, V351 Ori, BF Ori, HD 35929, and AK Scd he light curve in the-band, where the largest amplitude is ob-
have been found to show photometric variability. For V351 Oferved, was used to determine the observed period of V351 Ori.
and HD 35929, we could derive reliable pulsational periods th&#€ frequency spectrum of V351 Ori obtained from thilter

fall in the expected range éfScuti type variabilitl. In Table 1 1S shownin the lower panel of Figi. 2. The main maximum in this
we report their main properties. spectrum corresponds to a period of 0.058 d. Again, no signif-

1 Asfor V346 Ori and AK Sco, the variation seefmScuti-like, with  could be derived due to the poor phase coverage. As for BF Ori, its
u amplitudes of about 0.035 and 0.08 mag respectively but no perigatiation is clear Au ~ 0.11 mag), but seems rather monotonic
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‘ Table 1.Herbig Ae stars withd Scuti type variability
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Star V-mag SpT d[pc]® P [d]

V351 Ori 8.9 A7llle >210 0.058-0.007
HD 35929 8.2 FOllle >360 0.196-0.005

HD35929

35 # van den Acker et al. (1998);

" main pulsation period

Table 2. Derived stellar parameters

Luminosity Log L/Lg
V]
T

Star Mass L T d mode
(Mo)  (Lo) (K)  (po)
HD 35929 3.4 83 7190 360 FO

3.8 114 7100 420 SO
2. 83 6900 360 SO

V351 Ori 1.85 17 7400 230 SO

4.2 4.1 4 3.9 X 3.7 2.15 25 7480 280 TO
Effective Temperature Log T, (K)

# post-MS model
Fig. 3. The position of HD 35929 in the H-R diagram according to the
estimates of spectral type and distance found in the literature (dotted
box). The shaded region is the instability strip predicted by MarcomiS case, the best choice would be a post-MS model of &22,7

& Palla (1998). The PMS and post-MS evolutionary tracks are Show?ar withZ, — 83 L. andT. 6900 K, pulsating in the SO
= [0} eff — 1]

as thick and thin solid lines, respectively. The birth-line for the PMS . . SR .
evolutionary tracks is displayed by the dashed line. mode. The location of this solution is quite close to the lowe

circle shown in Fid:3. Although only few specific studies exi

on HD 35929, some evidence supports the fact that HD 359

icant differences in the derived periods occur when using ligista young star associated with the Ori OB-1c association. H
curves in other filters. example, Malfait et al. (1998) have discussed the infrared €
cess observed toward this star, whereas Miroshnichenko et
(1997) have suggested that the star might be in a transition ph
between a PMS Herbig Ae star ang Rictoris-type object. We
Although more systematic observations are needed to defal®o note that the pulsational character (period and H-R d
the precise pulsational periods of HD 35929 and V351 Ori, tiggam location) of HD 35929 is similar in many respects to tha
available data already provide some preliminary constraints ofthe well known Herbig Ae star HR 5999. From these consi
their position in the H-R diagram, stellar mass and evolutioprations, we favor the conclusion that HD 35929 is a PMS st
ary state. As remarked by the referee, the discussion presemtétl a mass in the narrow range 3.4-3\8,, pulsating in the
in this section is useful as dltustration of how well-defined FO or SO.
periods for these stars could indeed tightly constrain their evo- Finally we note that if the Séimgren indices [c1] and [m1]
lutionary states. measured for this star are taken into account, together with p
Fig[3 shows the location of HD 35929 in the H-R diagraniished values for théf 3 index, one derives an effective temper
The dotted box accounts for the uncertainty in the spectral tyairelog T, = 3.84 and a luminosity varying between 26 and
(A5 to FO: Malfait et al. 1998, Miroshnichenko et al. 1997, vaB6 L,. This means that according to the@trgren photometry,
den Ancker et al. 1998) and distande=£360 to 430 pc: van den HD35929 should be located or~a2.5M, evolutionary track
Ancker et al. 1998). The instability strip for the first three radialnd the period based on present data would be too long even
modes, as predicted by Marconi & Palla (1998), is also shownpulsation in the fundamental mode. A possible explanati
together with the PMS evolutionary tracks computed by Paller this inconsistency could be that HD35929 is also a rap
& Stahler (1993) and the post-MS evolutionary tracks for 2tator (~150 Km s™!) so that the assumption of radial pulsa
and 3.0M, of Castellani et al. (1999). The two circles indicatéion could be not completely correct. Future observations a
the best combination of the stellar parametérs (., T.g) that numerical simulations are needed in order to properly addre
yield a period equal to the observed ofes= 0.196 +0.005 d.  this problem.
These values are listed in Table 2. The two solutions indicate a Fig[4 shows the location of V351 Ori in the H-R dia-
mass of 3.4 or 3.8 |, pulsating in the first overtone (FO) andgram. Here, the uncertainty on the luminosity is larger than f¢
second overtone (SO) respectively: in both cases, HD 35929 &b 35929, because of the distance ambiguity. The lower val
be considered a PMS pulsator, as expected. corresponds to the minimum distance of 260 pc given in t
A combination of parameters for a post-MS stellar mass chiipparcos catalogue (van den Ancker et al. 1998). The upp
also reproduce the pulsational period observed in HD 35929limit (inverted triangle) assumes that V351 Ori is located in th

4. Evolutionary state of HD 35929 and V351 Ori
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20 4‘% | N the corresponding PMS track at about the position of the best
\ V351 Ori pulsational models. The degeneracy of the tracks does not allow
95 \\ to use the pulsational analysis to discriminate between the two
2 evolutionary phases. However, this uncertainty would disappear
£ 2 v . if the distance of V351 Ori were the same as that of the Orion
5 5.0 : ‘.f////// N population stars. Then, the difference between the pre- and post-
;é” »”%}”///4’\\ MS tracks would be large enough that the period analysis would
> 2.5 <X /// rule out one of the two solutions. Future studies of V351 Ori
715 - | f//,,,ﬁ should address this important aspect.
£ Z//// Asinthe case of HD35929, we used the measurgmh&iren
S 2.0 ’/”/,’;/4 indices [c1] and [m1] to provide an independent evaluation
- N ‘ of the location in the HR diagram of this star. The results,
1L o650+ TO / logTeg = 3.89, L ~ 30Lg, now suggest a stellar mass of
, ~ 2.25M, for this pulsator, in which case the observed peri-
O FO + S0 ods would be consistent with an oscillation in the TO pulsation
1.5 mode.
‘ ‘ ‘ ‘ ‘ In conclusion, the present observations yield compelling ev-
952 4.1 4 3.9 3.8 3.7 idence for the occurrence dScuti-type pulsation in two Herbig

Effective Temperature Log T, (K) Ae stars, HD 35929 and V351 Ori. The comparison with evo-

Fig. 4. Same as Fidll3 but for V351 Ori. The filled triangles refer tgutlonary and pulsational models provides independent, even if

the upper and lower limits of the distance. The open symbols are &%ite preliminary, constraints on the mass and evolutionary state

best pulsation models reproducing an oscillation consistent with tﬂfathese stars.

observed period. )
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Orion molecular cloud at a distance of 460 pc. The dashed bbs research has made use of the Simbad database, operated by CDS,
corresponds to an uncertainty-6f).01 dex inlog T.¢. Finally, Strasbourg, France.
the filled circle marks the position estimated by van den Ancker
et al. (1996) with the associate_d error bar. As alr_eady inntR@ferences
out, present data for V351 Ori suggest a pulsation period of
0.058 = 0.002. Baade D., Stahl O. 1989, A&A 209, 255
: . . . - : M. 1972, ApJ 171, 539

Using the constraints provided by this preliminary perlo@reger . o e )

and by the topology of the instability strip, we have comput stellani V., Degl'lnnocenti S., Marconi M. 1999, MNRAS 303, 265

. . - ) ausen J.V., Larsen S.S., Garcia J.M., @maz A., Storm J. 1997,
linear nonadiabatic models to find the best set of stellar pa- g g 122, 559

rameters that reproduce the pulsation of V351 Ori. The resulignati j.-F., Semel M., Carter B.D., Rees D.E., Cameron A.C. 1997,
are shown in Fig.l4 and the stellar parameters are given in Ta- MNRAS 291, 658

ble 2. The solutions yield a stellar mass of 1.8% Mr 2.15 Koval'chuk G.U., Pugach A.F. 1998, AstL 24, 106

M, respectively, pulsating in the SO (open square in[Fig. 4), kartz D.W., Marang F. 1995, MNRAS 276, 191

the third overtone (TO) mode (open circle in Fib. 4. For lowefurucz R.L., 1992, IAU Symp. 149, Dordrecht Reidel, p. 225
modes, the luminosity of the model would be lower than théalfait K., Bogaert E., Waelkens C. 1998, A&A 331, 211

estimated lower limit for V351 Ori, whereas higher modes aféarconi M, Palla F. 1998, ApJ 507, L141

probably excluded by the closeness of the observational boX4eshnichenko A.S., Bergner Yu.K., Kuratov K.S. 1997, AstlL. 23, 97
the second overtone blue boundary and we did not consider tiedf2 F» Stahler S.W. 1993, ApJ 418, 414

. . iqulski A., Kolaczkowski Z., Kopacki G. 2000, in IAU Collog. 176,
occurrence. These solutions would tend to favor a distance oq (San Francisco: ASP), in press

V351 Ori, smaller than that of the young stellar population (gterken C. Manfroid J.. Beele D. et al. 1995. A&AS 113. 31

the Orion complex. Stiomgren B., 1966, ARAA 4,433
Recently, Koval'chuk & Pugach (1998) have argued on th@n den Ancker M.E., de Winter D., Tjin A Djie H.R.E. 1998, A&A
basis of several peculiar photospheric properties that V351 Ori 330, 145

is in fact more evolved than previously thought and concluden den Ancker M.E., T&P.S., de Winter D. 1996, A&A 309, 809
that this star does not belong to the group of Herbig stars. From
Fig.[4, we see thatthe the post-MS tratk @ M, star intersects
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