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Summary. VBLUW photometric observations of 115 Am, § Del,
and 6 Sct stars are presented and discussed. The spread with
respect to the main sequence in the two-colour diagrams (cor-
rected for reddening if possible), is discussed and can be mainly
attributed to gravity effects. Exceptions to this rule can be
recognized from a comparison of their positions in these diagrams
and in the reddening independent diagram [ L— U]/[B— L]: some
0Sct stars must have suffered of relative high reddenings and
others are presumably metal poor. Temperatures and gravities
compare reasonably well with those of Davis Philip et al. (1976)
based on uvbyf photometry. However, the temperatures derived
by Babu and Shylaja (1981, 1982) and based on spectral energy
distribution, reveal that the photometric temperatures (and thus
also gravities) are underestimated. This is caused by line blanket-
ing on the colour indices b—y and V— B, of which the size as a
function of the temperature can be roughly estimated.

The relation between the temperature sensitive colour indices
V—B (of the VBLUW system), b—y (ubvyp system) and B,—V,
(Geneva system) for A/F type stars is investigated. It appears that
the V— B is more sensitive to line blanketing than the other two
indices.

A PLC relation for the colour V— B is derived using Breger’s
(1979) relation for the colour b— y.

Key words: photometry — metallic line stars — & Scuti stars — 6
Delphini stars

1. Introduction

So far no extensive observations of Am, é Del, and 6 Sct stars exist
in the Walraven VBLUW photometric system. Only sporadic
studies of a few specimen have been made : Ponsen (1963): ¢ Pup;
Ponsen and Oosterhoff (1966): 6 Sct and 6 Del; Oosterhoff and
Walraven (1966): all the three variables; van Genderen (1973):
again 6 Del and Lub (1979) included these three variables in his
discussion on the properties of RR Lyrae stars in the VBLUW
system.

Since many observations and discussions exist of Am, ¢ Del,
and 6 Sct in the Stromgren and Geneva photometric systems (see
for references for example Hauck and Curchod, 1980; Gémez et
al., 1981), it was worthwile to obtain also observations of this
very complex field of A and F type stars in the VBLUW system.
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2. The observations and reductions

The observations were made with the simultaneous VBLUW
photometer of Walraven attached to the 90-cm lightcollector of
the former Leiden Southern Station (at the SAAO annex) in South
Africa mainly in the years 1977. A description of the photometric
system is given by Walraven and Walraven (1960), Rijf et al.
(1969), and Lub and Pel (1977).

In total 115 stars, usually brighter than the 7th mag, were
selected. They consist of 64 Am type stars, 9 6 Del and 42 J Sct
type stars. Each program star was measured relative to standard
stars in three to six nights. Table 1 tabulates the average standard
deviation in the average photometric parameters for the three star
types separately (for the VBLUW system in log intensity scale and
for the UBV system with subscript J in mag). Mean errors are
thus smaller. The larger standard deviation for the J Sct star is
likely caused by their variability. The classification of stars into
these two types depends only on their spectroscopic character,
while the classification into the J Sct class is mainly based on their
instability. A star can thus be of the é Del- as well as of the 6 Sct
type, like in the case of the prototypes 6 Del and J Sct. Because of
this overlap of classification criteria and confusing about naming,
there is sometimes much ambiguity in literature about the true
type of a star (see for an extensive discussion on these problems
Breger, 1979, 1980).

The V of the VBLUW system can be transformed into the V
of the UBV system (with subscript J) with the aid of a formula
given by Pel (1976). The V— B colour index of the VBLU W system
can be transformed into the equivalent B— ¥V colour index of the
UBYV system (with subscript J) by Table 7 in Walraven et al.
(1964), but corrected for a slight change in the V passband (Lub
and Pel, 1977).

Tables 2 and 3 tabulate the photometric parameters (VBLUW
and UBV systems) for the 115 stars. The number of times that a
star has been measured is indicated in the column “N”.

Table 1. The average standard deviation in the photometric param-
eters for the three types of stars in the V BLU W system and the UBV
system (with subscript J)

Type V V-B B-U U-W B-L V, B-V),
]
(log intensity) (mag)
Am 0.007 0.006 0007 0.009 0.004 0.018 0015
oDel 0006 0006 0006 0.010 0.003 0.015 0.015
5Sct 0010 0005 0006 0012 0004 0025 0012
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Table 2. The photometric parameters of the Am stars in the VBLUW system (in log intensity scale) and in the UBV

system (in mag scale and with subscript J)
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the reddenings listed by Davis Philip et al. were negative we

3. The two-colour diagrams

adopted them to be zero. The total number of stars with zero

reddening is about 30.

In order to construct the two-colour diagrams with reddening free
colour indices, most stars were therefore corrected with the

The reddening E(V— B) for the VBLUW system could then be

computed with the aid of the relation:

E(V—B)

reddenings given by Davis Philip et al. (1976) in the uvbyp system:

E(b—y)/1.653

E(b—y). For a number of stars no reddening was available.
Therefore we derived them ourselves by the same method as

(Lub and Pel, 1977). Figure 1 shows the three two-colour dia-

grams for the Am stars (the panels on the left) and the 6 Del and
0 Sct stars (the panels on the right). The main sequence and

reddening trajectories are indicated. In the V— B/B— U diagrams

described by Davis Philip et al. and Davis Philip and Egret (1980).
For this purpose the necessary uvbyf parameters were taken from
the catalogue of Hauck and Mermilliod (1980). If stars were also

we sketched the T, =constant lines according to the com-

not listed in this catalogue, their reddenings were adopted to be
zero. Nearly all reddenings are small anyway, because of the

putations of Lub and Pel based on the Kurucz (1979) models for
solar composition and v,,;=2kms ™. In order to prevent confus-

ion only the logg

3.5 line is shown. The main sequence is

0.02. If the com-

putations of the reddenings resulted into negative values, or when

0.03 or E(B—V),=0.05 or E(V— B)

proximity of the program stars. The reddenings seldom surpass
E(b—y)

4 and 4.5.

situated in between the lines for logg
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Table 3. The same as Table 2 but now for the  Del stars (first group) and the J Sct stars (second group)
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and Shylaja (1982) the effect on (B— V), is of the order of 0.2 mag

It is obvious that Am stars can be somewhat hotter than the

other two types of stars, since they extend further to the blue, even
up to 10,000 K. Most of the scatter in the diagrams is certainly due

near T, ~10,000K, but diminishes towards zero near T,

~7000K (see Sect. 5). However, the position of the two hottest

Am stars in Fig. 1 (HD 117651 and HD 214484) is on the right

to the gravity effects, especially the B— U index is most sensitive

for gravity differences, while the B— L is the least sensitive. From  place considering the spectral types assigned to them by Houk

other studies we do know that many stars of these three classes are

and Cowley (1975) and by the HD catalogue as A0V and A0,

respectively. Perhaps the Am characteristics are very weak in

these stars.

slightly evolved. Nevertheless it is necessary that a few other

causes which can take part in the scatter are shortly discussed,

although they are considered to be much smaller.

According to Hauck and Curchod (1980) the metallicity, being

defined in the Geneva system by Am,(

m,(obs)—m,(Hyades)), is

3.1. Binarity

Although the B, L, U, and W passbands are very sensitive for

greater for cooler Am stars than for hotter ones (their Fig. 3).
metallicity, the effect on the colour indices B— U and U— W will

According to Abt (1965) and Abt and Bidelman (1969) all Am
stars may possess a fainter and thus redder main sequence star as
a companion. Consequently their colours may be slightly red-

be partly cancelled. Further, a certain amount of scatter in Fig. 1

will be introduced by the fact that each metallic line star has its

own spectroscopic characteristics.

dened, depending on the brightness of the companion. It is to be

expected that this influence is small, not more than a few percent,

since the redder the companions are, the lower their luminosities

are.

3.3. Reddening by interstellar dust

small number of stars even unknown reddenings, will in general
introduce very small extra scatter of probably not more than a few

Inaccuracies in the reddening values applied in Fig. 1 and for a
hundredths of a mag. The average reddening which has been

3.2. Blanketing effects

The enhanced metal line strengths, especially in the case of the Am

type stars, may redden the ¥— B colour index. According to Babu
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Fig. 1. The two-colour diagrams for the Am Stars (on the left) and é Del and 6 Sct stars (on the right). Sketched are the main sequence
(full curve), a number of T, =const lines and the logg=3.5line (dotted curves) in the V—B/B— U diagrams and the reddening

trajectories (arrows). Special symbols will be explained in the text

applied is E(B— V);=0.02mag only. A few 0 Sct stars for which
no proper reddening could be derived by the method mentioned
before and which likely have suffered a much higher reddening,
are HD 174553 (V 369 Sct), HD 195961 (¢Pav), and HD 24550
(V479 Tau). They are indicated by crosses in the right panels of Fig. 1.
According to Hall and Mallama (1980) the reddening of the first
one may amount to E(B—V),;=0.12 adopting that its luminosity
class is III. If we adopt that the star’s intrinsic position is amidst
the other 6 Sct stars, we find E(B— V);=0.17 £0.05mag. This is in
good agreement with the previous value. The reason that we
suspect the other two stars of also relative high reddenings will be
explained in Sect. 4. According to Davis Philip et al. (1976) the
reddening for the second star is E(b— y)=0.022, but this may well
be underestimated by a factor of four. We shall return to this in
Sect. 4.

Thus we conclude that the bulk of the scatter in Fig. 1 is likely
introduced by gravity differences. As a possible extreme specimen
we like to mention the Am star HD 170920 (21 Ser) (triangles in
Fig. 1). Its position in the V— B/B— L and V— B/B— U diagram
points into the direction of a very low gravity: logg~3 but
according to its position in the V—B/U—W diagram it may be
somewhat higher. We shall indicate this star also in further

diagrams by a triangle. Spectroscopy should throw more light on
its evolutionary status.

4. The [L—-U]/[B—L] diagram

In Fig. 2 we show the reddening independent two-colour diagram
[L—U]/[B— L]. Both indices are defined as

[L—U]l=(L-U)—021(V—B)
and
[B—L]=(B—L)—043(V —B).

Sketched are a few T, =const lines for logg in the range 3.5-4.5
for solar composition and a microturbulence of v,;=2kms™!
based on the computations of Lub and Pel (1977). The empirical
main sequence is represented as a dashed curve. According to Pel
et al. (1981) a slight zero shift had to be applied on the cool part of
the theoretical relations, in order to match them with the empiri-
cal main sequence. This zero point shift decreases at hotter
temperatures, but since we do not know yet exactly how much, we
adopted them to be zero for 8000-10,000 K.
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Fig. 2. The reddening independent two-colour diagram

[L—U]/[B— L] for the Am stars (on the left) and 6 Del and & Sct
stars (on the right). Sketched are the main sequence (dashed curve)
and a number of T =const lines (full curves)

It can be seen that some overlap exists between the theoretical
relations for 7000-8500 K and 8500-10,000 K. The relations for
T.¢r<7000K (not shown) overlaps partly those for T, >7000K.

The benefit of this diagram is that reddening effects caused by
interstellar dust are not present. The position of the three o Sct
stars (crosses) are now normal with respect to the other 6 Sct stars,
not only confirming the reddening estimated by Hall and
Mallama (1980) for HD 174553 (V 369 Sct), but also confirming
our suspicion that HD 195961 (¢ Pav) and HD 24550 (V 479 Tau)
must be reddened too by relative large amounts. We estimate for
both stars reddenings in the order of E(B—V);~0.12+0.04 mag.
This reddening is much higher than Davis Philip et al. determined
for HD 195961 (¢ Pav) (see Sect. 3).

The abnormal Am star HD 170920 (61 Ser) from Fig. 1 is also
peculiar here because of its high [ L — U] index (triangle in the left
panel of Fig. 2) and possibly indicating a low gravity.

One Am star, HD 104671 (6’ Cru) (encircled in Fig. 2 in the left
panel), shows a rather large deviation with respect to the other
Am stars, caused by its low value for [B— L]. The position in the
V— B/B— L diagram of Fig. 1 is then also relatively high above the
main sequence (encircled in Fig. 1 left panels). The spectral types
assigned to it by means of the strength of the metal lines varies
between A5 and A8 (see for references the catalogue of Hauck
and Curchod, 1980). In the Geneva photometric system the star is
striking because of its abnormal low metallicity index dm,
= —0.031) compared to its temperature and colour index (B, — V,
= +0.084). In fact its position at the left of the solar composition
grid of Fig. 2 also points into the direction of a metal under-
abundance, since an other benifit of this diagram is that [B— L] is

a sensitive metal index parameter in contrast with [L— U] (Pel
and Lub, 1978, their Fig. 1). However a quantitative number
cannot be given because of the difficulty to obtain accurate
physical data of peculiar stars from photometry alone (see Sect. 5).

In this context we can also mention the ¢ Sct stars encircled in
the right panel of Fig. 2 and which may be also metal deficient
stars: HD 6870 (BS Tuc), HD 9065 (WZSc1), HD 32846 (X Cae),
HD 100363 (SU Crt), and HD 115308 (DK Vir). Indeed, Breger
(1979) remarks in the “Notes” belonging to his Table 1 that
HD 6870 and HD 100363 are known to be metal deficient. Thus
presumably they are Population II JSct stars with high space
velocities (Breger, 1979). The metal deficiency of the other three
stars is not yet confirmed by other means (they are indicated in
Fig. 2 by question marks).

5. Determination of T, and logg

We investigated how well T, and logg derived from the VBLUW
and the uvbyf photometric systems agree with each other. These
parameters for the latter system are given for most of the stars by
Davis Philip et al. (1976). Since we are dealing with stars with
abnormal spectral characteristics, it is also important what T,
and logg are when they are derived by means of spectral energy
distribution studies. These studies (Babu and Shylaja, 1981, 1982)
are more independent of things like spectral anomalies and small
reddenings (but not independent of effects caused by duplicity).

For the purpose of T, and logg determination, Fig. 2 would
be most suitable, were it not that overlapping problems of certain
temperature regions play a too important role. Therefore we have
chosen the V— B/B— U diagram (Fig. 1). The grid of theoretical
colours is however only suitable for ¥'— B>0.045, again because
of overlapping problems and the converging of T, and logg
=const lines at bluer colours.

The result is that for the Am stars our values for T, and logg
are on the average 100K and 0.4 lower, respectively, than those of
Davis Philip et al. These differences practically disappear for the
0 Del and 6Sct stars. Thus there is a satisfactory agreement be-
tween the two methods. However individual differences between
both methods may amount to 300 K and 0.8 in logg.

As discussed before, blanketing by metallic lines in the (B— V),
index (and thus also in ¥—B and b—y) cannot be ignored,
especially for the hot stars. Indeed, when spectral types are
considered, the photometric temperatures appear to be too low by
many hundreds of degrees. We found that 13 Am stars from the
catalogue of Davis Philip et al. (of which four in common with us)
are also studied by Babu and Shylaja. It appears that the
temperatures of the latters are indeed hotter than the photometric
ones. Figure 3 shows the relation between this difference
(T.¢¢(ph) — T.;(BS)) and the true temperature (based on the energy
distribution) of Babu and Shylaja T;(BS). The right hand scale of
Fig. 3 indicates the reddening by blanketing of the V— B (in log
int. scale) and (B— V), colour indices. The size of the blanketing
effect and its dependence on temperature is similar to that found
by Babu and Shylaja (1982, their Fig. 2). They compared their
temperatures and (B— V), indices with the temperature scale for
main sequence stars of Code et al. (1976).

Because of the blanketing effect, the photometric gravities are
also underestimated by a few tenths in logg.

Blanketing effects must be also present in ¢ Del stars since they
also are metallic line stars. Indeed the T, of the one specimen we
have in common with Babu and Shylaja (HD 207098 = Cap) is
estimated too cool by us by 600K and Davis Philip et al. even
found it to be 900K cooler.
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Fig. 3. Diagram showing the difference between photometric and
energy distribution temperature (47,) as a function of the latter
(T.4¢(BS)). The scale on the right roughly indicates the reddening
by line blanketing on ¥— B (in log int. scale) and on (B— V), (in
mag)

The one J Sct star we have in common with Babu and Shylaja
(HD 197461 =6 Del) is estimated 400K and 100K hotter by us
and Davis Philip et al., respectively, while one should expect an
opposite inconsistency. Perhaps this inconsistency is not so
surprising since the star is complicated by the presence of a
spectroscopically detected companion by Preston (quoted by
Kuhi and Danziger, 1967). Both stars are plotted in Fig. 3 (for
AT, we also took the average between the two photometric
methods).

6. A comparison of the colour indices V—B, b—y and B,—V,

We investigated the relations between the temperature sensitive
colour indices V— B of the Walraven system with b— y (Stromgren
system) and with B, —V, (Geneva system) for normal A/F type
stars and for Am, é Del, and 6 Sct stars.

For this purpose we searched the uvbyf catalogues of Hauck
and Mermilliod (1980) and Breger (1979) and the Geneva system
catalogues of Rufener (1976) and Hauck and Curchod (1980) for
stars in common. The V— B colour indices of the normal main
sequence stars were taken from Lub and Pel (1977).

Figure 4 shows the b—y/V— B diagram. The curve represents
the relation for main sequence stars within the range V—B
=0—0.17. The maximum dispersion around this curve (of which
the details are not shown) is +£0.01 in V— B. It is obvious that the
Am and 0 Del stars at constant b— y are too red by 0.005-0.010 in
log intensity scale with respect to normal stars. Apparently the
V— B index is more sensitive for line blanketing than the b—y
index. This is comprehensible since A.(B)<A.(b) (4325 and
4670 A, respectively).

The Am star HD 170920 (61 Ser) already discussed before, is
also in Fig. 4 peculiar (triangle). Giants and supergiants taken
from the list of Pel (1976) are indeed situated above this line, thus
supporting our suspicion that this star is rather far evolved. (In
fact this diagram is nothing more than an ordinary two-colour
diagram.) Although most of the Am, ¢ Del, and 6 Sct stars are
supposed to be in a slightly evolved phase, they lie in general
below the main sequence. Apparently the spectral anomalies are
still stronger than the gravity effects in most of these stars.
However many o0Sct stars tend to lie also on or above it,

00S -

Q.10 L

1 1 |
0 01 0.2

b-y

Fig. 4. The b— y/V— B diagram for Am, é Del, and § Sct stars. The
full curve is the relation for normal main sequence stars of type
A/F

e Am

0.05

010

] | |
-01 0 01

BrY

Fig. 5. The B, — V,/V— B diagram for Am, 6 Del, and § Sct stars.
The full line is the relation for normal main sequence stars of type
A/F

indicating less influence by metallicity. The two §Sct stars with
high reddenings (¢ Pav and V479 Tau) and known b—y indices
are indicated by large crosses. Their deviating position far below
the main sequence relation, may be caused by the fact that high
reddenings act differently on the two colour indices.

Figure 5 shows the B,—V,/V—B diagram. We have fewer
stars in common with the Geneva system observers. The range in
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V— B is then also smaller than in Fig. 4. The relation for main
sequence stars has a similar spread as in Fig. 4. At constant
B,—V,, V—B is redder by 0.005-0.010 in log int. scale, thus also
here V— B is apparently more sensitive for line blanketing than
B, —V, with the same amount as in Fig. 4. Yet the difference in
A of B and B, is not so large as between B and b (A.(B,)
=4480 A). The reason is likely that A (V)>A.(V;) (5467 and
5405 A, respectively).

Again the Am star HD 170920 (21 Ser) is situated above the
main sequence (triangle).

It appears that a linear eye-fitted relation exists between V— B
and B, — V, for main sequence stars within the range —0.1<V—B
<0.32 or —0.3<B,— V¥, <0.5, which can be approximately repre-
sented by the equation:

B,—V,=2.086(V— B)—0.146.

The maximum spread in ¥— B is ~0.010 around this relation.

7. The PLC relation for 4 Sct stars

Although Gupta (1978) found that separate PLC relations for
0 Sct stars pulsating in different modes are more meaningful, we
only use the overall PLC relation of Breger (1979) to replace b—y
by V— B. Therefore we adopted a linear relationship between both
indices for J Sct stars in Fig. 4 viz.:

b—y=1.867(V—B)—0.028.

The result then becomes:

M, = —3.05logP+15.79(V— B)—3.36.
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