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Abstract. Five nights photoelectric photometric observations During the early period of photoelectric photometric obser-
throughv andy bands confirm the pulsation of classical Anvational study of§ Scuti variables, some evolved Am stars or
& Scuti variable 60 Tau. Power spectrum of light curves show®elphini stars have been found to §&cuti variables (Kurtz
multi-period pulsation behavior of 60 Tau and two pulsatioh976). Then Kurtz suggested that for evolved Am stars, the he-
modesf;=13.0364 ang>,=11.8521 cycles per day are definitelyium depletion in the He Il ionization zone is not sufficient to
identified. Classical Am star 60 Tau is a complicated pulsati@timinate convection in that zone, providing a convective bar-
& Scuti variable. Considering the pulsation constant Q, 60 Tdar between the upper and lower radiative zones so that the Am
is identified to be low overtong or p; modes tendentiously. anomalies can arise quickly from diffusion in the upper radia-
tive zone and then remain essentially time-independent during
Key words: stars: variablesi Sct — stars: oscillations — starsthe Main-sequence lifetime of the Am star as required by the
individual: 60 Tau observations (Smith 1971, 1973). Enough helium remains in the
He Il ionization zone that pulsation instabilities can grow in an
Am star as it evolves into the giant region, as the evidence that
some Am stars evolve intbScuti pulsators requires.
. Evolved Am stars are described by Kurtz (1976) that ei-
1. Introduction ther (i)diffusion occurs below the He Il ionization zone where

The variables located in the low instability strip usually pulthe pulsation amplitude becomes small due to the increasing
sate with a large number of simultaneously excited radial ad@nsity, or (ii) mixing across the upper radiative zone is a slow
nonradial modes, which makes them well-suited for asterosef§0ugh process that thesBelphini stars represent evolved Am
mological studies. Stars in this strip usually are classified in#ars in which diffusion no longer occurs but for which mixing
normal stars, Ap and Am stars. It is accepted that normal stB@s not yet eliminated the apparent surface anomalies.

and Ap stars could be variables. As for Am stars, because of The discovery of large amplitude pulsating evolved Am star
their metallicism property, their instability becomes very comt3D 40765 provided a strong challenge to the diffusion hypoth-
plicated. Generally, for Am stars in which diffusion does occu@sis (Kurtz et al. 1995). Just as Kurtz et al. have pointed out,
it is thought that the helium sinks out of the He Il ionizatioff the diffusion hypothesis is correct, then it implies that pul-
zone, thus inhibiting the driving mechanism for pulsation thg@tion velocities of several kn$ generate no turbulence at
exists ford Scuti stars. Bag“n (1972), Vauclair et al. (1974§he level of fraction of a cmS'. If a lack of turbulence at that
calculate that, in a star in which diffusion occurs, helium sinkgvel should be theoretically surprising in such a pulsating star,
rapidly from the He Il ionization zone. For the special margin&hen diffusion should be reconsidered as the sole explanation
Am stars and evolved Am stars, it is thought that they are atfibthe strongly metallic-lined spectrum of HD 40765, and by
to drive the pulsation. Vauclair (1976, 1977) suggested a difference, other Am stars.

fusion model with the following salient features for Am stars Marginal Am stars are metallic line stars in which there is
and§ Scuti stars: 1) Classical Am stars afidcuti pulsator a difference of less than five subclasses between the k-line type
should be mutually exclusive owing to the extinguishing of trnd the metal line type. These marginal Am stars belong to the
x mechanism by the downward diffusion of helium from the Hkind of Am stars in which the line strength anomalies are mild.
Il ionization zone; 2) After a stable phase in which abundan&girtz (1978) found that two marginal Am stars HR 8210 and
anomalies develop, turbulent motions arise which restore tHE& 4594 were Scuti variables. Kurtz (1984) found that another
helium content of the He Il ionization zone, so that Am staf§arginal Am star HR3321 also hadscuti variables pulsation.
evolve intod Scuti pulsator; 3) At medium rotational veloci-It seems that mild metallicism and pulsation can coexist in the
ties of approximately 30—100 knt$, it should be possible for Same star among marginal Am stars. Cox et al.(1979) calculated

a star to exhibit both low-amplitude pulsation and mild abube linear-theory radial-pulsation stability of low-helidr§cuti
dance anomalies. variable models and concluded that pulsation can still occur with
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Fig. 1. The power spectra of 60 Tau foband. The spectra are showrFig. 2. The power spectra of 60 Tau fgand. The spectra are shown
before and after applying multiple frequency solutions. before and after applying multiple frequency solutions.

driving due to the residual helium and the enhanced hydrogen, Amultiple-frequency analysis of 60 Tauwas performed with

the blue and red edges of the pulsation are estimated to be a B?Qkage of Cor‘?p“ter programs employing single _frequency
half the width of that of the normal helium abundance. ourier) and multiple-frequency Igast-sgyares te_chnlques (pro-
At the beginning of 70s, it was generally accepted that yggam PERIOD, Breger 1990"?1) which utilize Fourier as weI_I as
classical Am stars do not pulsate (Breger 1970), and no &yltlple-lea_st squares algonthms. Th? Igtter_technlque f'tS a
ceptions were found (Kurtz et al. 1976). In 1989, an extren’ mber of simultaneous sinusoidal variations in the magnitude

example of a classical Am star HD 1097 was discovered to 88”;"?"”53‘“‘;‘1 doesﬂ?ot rely on prevtvhlte;utr;]g. data of theand
a ¢ Scuti variable by Kurtz (1989). If diffusion is the correc 9. 1 shows the power Spectra of the data o n

explanation of the abundance anomalies in the Am stars, t ee;{ore and a.\fter subtractilon of the best single z?md two fre-
ionizaluency solutions. The existence of two frequencies of pulsa-

bﬁ- n (13.0364 and 11.8521 c/d) is very convincing. This is also
shown by their S/N ratios. The noise has been calculated as a
Iunction of frequency after subtraction of the best two frequency
solutions. The curve corresponding to an amplitude S/N ratio of

tion zone to drive small-amplitude pulsation. Another possi
classical Am star that was found to &&cuti variable is 32 Vir
(Bartolini et al. 1983). However, it is still open whether 32 Vi

is a classical Am star or an evolvédelphini star. . . !

60 Tau (HR 1368, HD 27628, SAO 93892), a Spectrosco 4ds shOV\_/n in the bottom panel of tht_a figure. The two detected
binary Am star (Cowley et al. 1969), was classified as a classi Fauencies have amplitude S/N ratio of 10.2 and 5.8,_respec-
Am star by Kurtz (1978), and was confirmed by high resolutio Vely, and are accepted as rea!. Aiter removal of the first and
spectroscopic observations (Burkhart et al. 1989). In a phog e second frequenmes, the residuals are of the o_rder of 4.6 and
metric survey of the Hyades férScuti variables, Horan (1979) 8 mmag respectlve]y. More peaks which are a little above th_e
observeditfor about 9 hours and found that itésScuti variable "0'S€ level can be picked up too. It seems that there are still

with a period of around 1.5 hours. In order to confirm its pueth?rrhpulsanon freq;Jencfuis egsttlngt:n 6§_Tal:]' in Fig. 2
sation and compare its pulsation behavior with norm&ktuti € power spectra of Ine datapband IS shown in F1g. 2.

variables, we observed and analyzed this star from Jan. 8 to ge rgsults are remarkgbly s_imilar to the results obtained from
1999 and hereby publish some Oyf our results thew filter. Two frequencies with values of 13.0350 and 11.8439

are confirmed and their detection is statistically significant, the
differences against the values obtained frotmand can be ex-
2. New photoelectric measurements and data analysis plained by the time resolution. After removal of the first and

. . . the second frequencies, the residuals are of the order of 3.5 and
The observations are made using the 85 cm reflector installe

: : . . %tmmag respectively. And the residual power spectrum also
thhe Xmgl;ltong f.SIttat'OE Otf Beutmg (?]psr:a rvatory, Chmg, W'tfhtr? SIXéupports more than two pulsation frequencies in 60 Tau.
channet two-fitter photometer which IS a new version otthe one- ., two-frequency solution teandy bands data with their

once used in STEPHI Network campaign (Michel et al. 1995zlmplitude and significance of detection are given in Table 1.

During the observations; filter with a center wavelength of : - - ;
411 nm and band width of 20 nm angfilter with a center LT]he fits to the data are displayed in Fig. 3 and Fig. 4. From the

wavelength of 550 nm and band width of 40 nm were used. T |§ures we can find the fits are not good at the end of some data

. Set. It is probably caused by the extinction, because at these
St"?“s. SAO 93878 gnd SAO 93889 are selected as comparis &Fiods of observations, the altitude of star is not high enough
Within the measuring error of about 4.0 mmag, a good data

DA - . tel letel | the effect of at here.
covering five nights (about 30 hours)wasob'talned.Noewdenc(:?etaccuraeyand compietely cancel the efiect of aimosphere

of variability of the comparison stars was found.



Li Zhiping: Pulsation behavior of classical Am star 60 Tauri

AS

v e e)
e
o
V&

1889

189.9 190.2 190.3

190.9 191 191.1 191.2 191.3

191.9 1923

0.02
203.8

n n
204 204.1

HJD =2450000 +

Fig. 3. The fits of the two-frequence solution to théand data.
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Table 1. The frequency spectrum of 60 Tau

Frequency Amplitude Significance
of detection
v Filter  y Filter ~ Amplitude S/N
Name cd? pHz/ID  mmag mmag
fi 13.0364 150.886 6.01 3.35 10.2
f2 11.8521 137.179 3.95 1.99 5.8

3. Discussion

The luminosity of 60 Tau)/,=2.52 mag, is accurately obtaine
from the Hipparcos data (Li Zhiping et al. 1999). The temper-
ature and gravity come from spectroscopic analysis (Burkh
etal. 1989)T. ¢ = 7350K andlog g = 4.0. The values of the
pulsation constants Q (day) can be estimated from the follow

equation (Breger 1990b)
log @ = —6.454 4 log P + 0.5log g + 0.1Mpe; + log Te sy

whereP is period in unit dayy is gravity in unit cms =2, My,
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Fig. 4. The fits of the two-frequence solution to thdand data.
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first overtone pulsation. And the frequency distribution clearly
supports a non-radial modal identification.

It has been confirmed that all kinds of Am stars, including
evolved Am stars, marginal Am stars and classical Am stars, can
be § Scuti variables. It seems meaningless to discuss whether
the pulsation and metallicism can coexistin low instability strip.
The pulsations of HD 1097 and 60 Tau tend to show that even
for classical Am stars, there is sufficient residual helium left
to drive ¢ Scuti pulsation. For normal stars in the region, only
about 30 per cent aeSculti stars which pulsate with amplitude
ranging from a few mmag to nearly 1 mag. It is normal that the
pulsations of some Am stars have not been detected.

The pulsation amplitude of Ami Scuti variables is another
topic which deserves attention. Usually people think that the
amount of helium left in the He Il ionization zone is limited

dbecause of the diffusion, AmSculti variables are barely able to
excite low-amplitude pulsation. However, compared with low-
arpplitudeé Scuti variables (about 0.01 mag), more and more
A & Scuti variables are discovered to be larger amplitude pul-
isation variables, for example, the evolved Am star HD 40765
ﬂgurtz et al. 1995) with a peak to peak amplitude’oB= 0.21
mag andAV'= 0.15 mag, evolved Am HD 188136 with a peak
to peak amplitude oAV= 0.05 mag (Kurtz 1980), marginal
Am 4 Scuti HR 4594 with peak to peak amplitude aroukg=
0.035 mag (Kurtz 1978), classical Awscuti variable HD 1097

in unit mag andl, ¢ ¢ in K. For f; and f, the Q value are 0.032 with a B band peak to peak amplitude of about 0.02 mag (Kurtz
and 0.035d respectively which indicate either fundamental ©8889), andv band peak to peak amplitude of pulsation of 60
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Tau beyond 0.02 mag etc. Though some AiBcuti variables The pulsation amplitude of A Scuti stars is usually lo-

pulsate with a very low amplitude, for example, the Marginalated in the range of normal Scuti variables, and large am-

Am ¢ Scuti star HR 3321 (Kurtz 1984) with a B band amplitudplitude pulsation for Amy Scuti variables is possible also. Al-

in the range order of 0.01 mag, many norfi&@cuti variables, thoughitis obvious that metallicism of Am stars does notrequire

such as HD 23156, HD 20919 (Li Zhiping et al. 1999), pulsatmplete stellar stability, it still needs a further study whether

with amplitude around 0.01 mag. It seems that the amplituttee metallicism does suppress pulsation amplitude. MosbAm

distribution of Am¢ Scuti variables is not different from thatScuti stars show multi-period pulsation behavior, and almost all

of § Scuti variables. Therefore, it is still open whether the anef them prefer low overtones (f or low p) model pulsation.

plitude distribution of Amy Scuti variables show some special
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