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ABSTRACT

Far-ultraviolet photometry for 625 objects in Orion is presented. These data were extracted from clectrographic
camera images obtained during sounding rocket flights in 1975 and 1982. The 1975 images were centered close to
the belt of Orion while the 1982 images were centered ~9° further north. One hundred and fifty stars fell in the
overlapping region and were observed with both cameras. Sixty-cight percent of the objects were tentatively
identified with known stars using the SIMBAD database while another 24% are blends of objects too close
together to separate with our resolution. As in previous studies, the majority of the identified ultraviolet sources
are early-type stars. However, there are a significant number for which no such identification was possible, and we
suggest that these are interesting objects which should be further investigated. Seven stars were found which were
bright in the ultraviolet but faint in the visible. We suggest that some of these arc nearby white dwarfs.

Subject headings: open clusters and associations: individual (Orion Association) — stars: early-type — surveys
— techniques: photometric — ultraviolet: stars — white dwarfs

1. INTRODUCTION

Previous papers have reported results from an ongoing far-
ultraviolet survey of various star fields (Carruthers & Page
1983, 1984a, b, ¢; Schmidt & Carruthers 1993, [hereafter
Paper 1]). The present paper presents data for a field in Orion.

2. OBSERVATIONS

The data presented in this paper were extracted from five
far-ultraviolet images, obtained by Naval Rescarch Laboratory
electrographic cameras aboard NASA sounding rocket flights
on 1975 December 6 (NASA Aerobee flight 13.118 DG) and
on 1982 November 15 (flight 17.019 DG). The same images
from the 1975 flight were used in a study of interstellar matter
in Orion (Carruthers & Opal 1977a, b). The 1982 images were
obtained on the same flight and with the same camera as the
images in Monoceros discussed in Paper 1. Information on the
instrumentation is given in the previous papers but we plot the
response functions in Figure 1 so they can be compared di-
rectly. The camera used in 1975 was sensitive from ~1230 to
2000 A with an effective wavelength for flat photon flux distri-
bution of 1519 A, The camera used in 1982 was sensitive from
~1230 to 1650 A with an effective wavelength of 1367 A.

The two 1975 images analyzed here had exposure times of
30 and 100 s and were centered at @950 = 5"35™, 8,959 =
—1°36". The 1982 images had exposure times of 9.5, 19.5, and
64.4 sand were centered at 950 = 5524™, 8,950 = 7°15'. Witha
ficld diameter of a little more than 20°, about one-half of the
total field area was included in both sets of images. Figure 2
(Plate 8) shows a print of one frame from the 1982 field.
Carruthers & Opal (1977a) published a print and contour
plots of the 1975 field.
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3. THE REDUCTIONS

The reductions were carried out in exactly the same fashion
and at the same time as the reductions for the study of Mono-
ceros (Paper I); the details will not be repeated here. However,
a few salient points will be mentioned. As noted previously, the
star image diameters are not constant across the field and the
FWHM ranges from ~ 2!5 at the center to FWHM ~ 5’ at the
edge for the 1982 images. For the 1975 images the range is
from ~ 3’0 to ~ 6!7. The same correction curve for saturation
and dependence of saturation on location was adopted for the
1982 images as previously but they were redetermined for the
1975 data. The change in the saturation magnitude from field
center to edge for the 1975 data was 1.2 mag which is smaller
than the value of 2.3 mag found for the 1982 data.

To transform the coordinates of the objects to the celestial
coordinate system more than 110 objects were identified with
SAO stars in each set of images. The coordinate fits had rms
scatter ranging from 28 to 5/0. Photometric calibration was
performed using stars from the IUE archives which were also
among those identified with our objects. After deleting all stars
identified in Table 1 as blends (sec below), there were 51 stars
available to calibrate the 1975 images and 41 for the 1982
images. The differences between our instrumental magnitudes
and those derived by convolving JUE spectra with the response
functions in Figure 1 had an rms scatter of 0.61 mag (1975
images) and 0.39 mag (1982 images). Given the number of
calibrating stars our magnitude zero points have standard
errors slightly less than 0.1 mag.

Magnitudes for a total of 625 objects were extracted. Of
these, 175 were observed only in the 1367 A band, 300 were
obscrved only in the 1519 A band, and 150 were observed in
both bands. Table 1 lists the stars observed. The coordinates
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FiG. 1.—Overall detection quantum efficiency as a function of wave-
length for the electrographic Schmidt cameras used in this project based on
laboratory measurements using the camera as a photodiode in comparison
with an NBS-calibrated photodiode. The broader response function which
extends to longer wavelengths is for the 1975 flight and the narrower func-
tion corresponds to the camera used in the 1982 flight.

determined from our frames are given in columns (2) and (3)
while the ultraviolet magnitudes (on the same system as used
in Paper 1) are in columns (4) and (5).

4. STAR IDENTIFICATIONS

As before, we used the SIMBAD database to make optical
identifications of as many objects as possible. These are listed
in column (6) of Table 1. When more than one objects which
might plausibly contribute to the ultraviolet flux fell within the
camera’s resolution we have indicated this by the word
“Blend” in column (6). For 42 ultraviolet objects, no corre-
sponding star was found in the SIMBAD database. Column
(7) of Table 1 gives the magnitude of the identified star from
the SIMBAD database. Most of these are / magnitudes but
when only photographic magnitudes are present these have
been listed followed by a P. In cases of blends, the combined
magnitude is given. The spectral types from the database are
listed in column (8). For blends the types of all the stars in-
cluded in the magnitude are listed in the order of brightness.

5. DISCUSSION

There are 94 stars in Table 1 which have a ¥ magnitude
attributed to a single star and both ultraviolet magnitudes. For
these stars we formed the colors (7135, — P1y519), (My367 — V),
and (m;5,0 — V). Figure 3 presents plots of the first of these
colors against the others. There were three deviant points
which fell outside of the range of each plot. The solid lines have
slopes calculated from the effective wavelengths using the ap-
proximate formula given by Sterken & Manfroid (1992) and
zero points chosen to minimize the scatter (with a few discre-
pant points ignored ). Although the adopted slopes are approx-
imate, they provide a satisfactory fit. The rms scatter of the
points about the lines is 0.275 and 0.321 for Figures 3a and 35,
respectively. This suggests that the errors of the ultraviolet

magnitudes are of the order of 0.2 mag which is consistent with
the errors calculated for some of the same data in Paper 1 using
a different method.

The consistency between our ultraviolet magnitudes and the
V magnitudes demonstrated in Figure 3 shows that the major-
ity of the identifications in Table 1 are correct. The stars which
depart most from the trends (and fall outside the plots) are
stars 143, 171, and 326. The first two of these have V' magni-
tudes much too faint for their ultraviolet brightnesses. Addi-
tionally, star 171 is identified with an M4 star. These factors
suggest that the ultraviolet sources have been mismatched with
visible stars and the actual sources are not in the SIMBAD
database. Star 326 has very uncertain ultraviolet photometry
as indicated in a footnote to the table.

An examination of Table 1 shows that 428 objects (68% of
the total) have been uniquely identified with known stars. An
additional 147 (24%) are labeled as blends. In the following
discussion we will be concerned mainly with the subsample for
which we were able to obtain optical data from SIMBAD. We
have omitted all the objects identified as blends or with star
clusters. Ten stars were also omitted because they lacked either
a V magnitude or a spectral subclass. The resulting selected
sample contains 418 stars.

In Figure 4a and 4b we plot histograms of the frequency
distributions of the full sample of stars and the selected sample
for objects measured in each of the rocket flights. It can be seen
that the selected sample distribution is very similar to that of
the full sample; we will not introduce any bias by using it. It
can also be seen that the limiting magnitude for the 1367 A is
at ~m,35; = 8.5 while the 1519 A exposures reached ~ 1 mag
fainter.

In Figure 4 ¢ we plot the cumulative magnitudes for the two
bands. The offset between the two curves is largely caused by
the very bright 1519 A magnitude of star 326. As noted above
this is likely to be spurious. Aside from the offset, the two
curves in Figure 4 ¢ are nearly the same shape. Both flatten out
at a relatively bright magnitude compared with, for example,
the corresponding plots in Paper I. This is due to the presence
of a number of very bright, early-type stars in the Orion fields
which contribute a significant fraction of the ultraviolet flux.

In Figure 5 we plot a histogram of the spectral types for stars
in our selected sample. As in previous studies, the majority of
the stars are closely clustered near spectral type AO. There are a
few objects which are identified with later type stars. In this
case, stars with spectral types of FO and later make up 6% of the
stars in Figure 5 while in the Monoceros field they made up
21% of the selected sample. It is likely that some of these late
stars have hot companions which are the source of the ultravio-
let radiation, while others are likely to be cases where the actual
ultraviolet source is not identified in the visible. Both cases are
likely to be interesting objects which should be pursued fur-
ther.

Figure 6 shows the color-magnitude plots for the stars in the
selected sample. These plots are similar to the corresponding
plot in Paper I and the discussion there applies here. Again the
effect of the limiting magnitude dominates the overall appear-
ance of the plot. The scatter of the main group of stars is simi-
lar to that found in Monoceros which is consistent with the fact
that the range of extinction is similar in the two fields (Sharov
1964).
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FiG. 3.—Color-color plots for stars for which we have measured both ultraviolet magnitudes and for which a ¥ magnitude is available. Three stars fall

well outside of the plotted areas.
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F1G. 6.—Plots of (m,3¢; — V') and (m,5,, — V') against the V" magnitude for stars from the selected sample with spectral types of B8, B9, A0, A1, and A2.
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The solid diagonal lines represent the limiting magnitudes of our ultraviolet photometry.
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In Paper I we argued that the stars in the lower right corner
of the color-magnitude diagram are likely to be hot white
dwarfs due to their combination of very blue colors and faint
visible manitudes. Stars 143,.161, 172, 213, 240, 291, and 386
appear in that group in one or both of the plots in Figure 6. The
first two of these objects have spectral types of B9V. This is
inconsistent with their being white dwarfs and with their posi-
tions in Figure 6. It is thus likely that the sources of the ultravio-
let radiation are not the B stars. The other five objects do not
have MK spectral types and are possible white dwarfs. There
are no doubt more such stars which were not included in Fig-
ure 6 because they lacked optical data.

We have searched in the white dwarf catalog of McCook &
Sion (1987) for the stars listed in the previous paragraph.
None of them are in the catalog. On the other hand, there are
nine stars in the catalog which are in our field. While none of
them correspond to any of our ultraviolet objects, they are all
faint and might lie below our detection threshold in the ultravi-
olet.

The objects we have identified as white dwarfs, those we
have identified with late-type stars and those for which we have
no identification should all be investigated further. Since the
accuracy of the ultraviolet coordinates is no better than a few
minutes of arc, the identifications in Table 1 are somewhat
uncertain. The inspection of the region on objective prims
plates and the measurement of colors of stars in the vicinities
of the ultraviolet objects would both be useful in addressing
these points. CCD observations are planned for this purpose.

We thank H. M. Heckathorn, B. C. Dohne and D. E. Reis-
wig for assistance in the data analysis and useful discussions.
We also acknowledge contributions by C. B. Opal (deceased)
to the experiment planning and development and by David
King and H. Merchant (deceased) in preflight technical sup-
port. The JUE Regional Data Analysis Facility at Goddard
Space Flight Center and the SIMBAD database, operated by
CDS, Strasbourg, France, were used in this research.
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FIG. 2.—Print of an image of the 1982 field. The rings and arcs near field center are instrumental artifacts.

SCHMIDT & CARRUTHERS (see 89, 259)
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PLATE 9

F1G. 9.—Samples of four position-position continuum-subtracted images shown in gray scale. The display is linear: emission appears white, absorption
appears black. Clockwise from upper left: Visg = —46.5, —59.1, —23.4, and —72.4 km s ™',

HEILES, MCCULLOUGH, & GLASSGOLD (see 89, 284)
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