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ABSTRACT
We report the classiÐcation of 21 new extreme-ultraviolet sources from the recent catalog of Lampton

et al. The optical spectra presented identify the objects as 14 active late-type stars (including two double
active stars and a possible T Tauri star), three white dwarfs, and six active galactic nuclei (a Seyfert
galaxy, the BL Lac object 1ES 1028]511 [\EUVE J1031]508], and four quasi-stellar objects). We
have detected Ca II absorption lines in the BL Lac object and measured its redshift. Two of the white
dwarfs are unusually massive (M [ 1.1 Our sample of late-type stars includes Ðve previouslyM

_
).

known high proper motion objects (EUVE J1004]503, J2244[332A,B, J1802]642, and J1131[346), of
which one is the well-known Ñare star TX PsA (EUVE J2244[332B). We report an unusually high level
of activity for the primary component of the TX PsA system (EUVE J2244[332A), which may indicate
Ñare activity. The group of late-type stars is on average almost 3 mag fainter (SmT B 13) than the typical
member of the Extreme Ultraviolet Explorer (EUV E) all-sky survey catalog. All Galactic and extra-
galactic objects were also detected in the ROSAT Position Sensitive Proportional Counter survey, and
most are at the faint limit of the EUV E detectors. These new identiÐcations substantially increase the
total number of EUV-selected extragalactic sources.
Subject headings : galaxies : active È stars : activity È stars : late-type È ultraviolet : stars È

white dwarfs È X-rays : stars

1. INTRODUCTION

Until relatively recently et al. the high(Lampton 1976),
opacity of the interstellar medium at extreme-ultraviolet
wavelengths (j \ 912 was thought to preclude the detec-A� )
tion of most astrophysical sources. The launch of the
Extreme Ultraviolet Explorer (EUV E) in 1992, with detec-
tors spanning the 50È740 bandpass, initiated the ÐrstA�
thorough exploration of this heretofore opaque region of
the spectrum. During the 6 month survey phase, exposure
times for sources in the scan path varied because of the
speciÐc geometry of the survey ; exposure time ranged from
400 s at the ecliptic equator to 20,000 s at the poles. Addi-
tional details concerning the EUV E survey have been pre-
sented by et al.Bowyer (1996).

With completion of the EUV E all-sky survey in 1993
July, nearly a thousand EUV sources are now known
(exactly 918, combining the et al. andLampton 1997

et al. catalogs). Lampton et al. (1997) stillBowyer 1996
report 76 unidentiÐed sources at the faint limit of the EUV
detectors, a list that may include some variable sources.
Almost 60% of the sources discovered during the EUV E
survey are stars with convective envelopes (spectral type F
or later) ; the second most numerous class of objects are

white dwarfs ; extragalactic sources constitute only a small
percentage of the total. If the same statistics apply to the
unidentiÐed sources, one would expect a large percentage of
them to be late-type stars.

We have performed spectroscopy on the Ðelds surround-
ing 21 of these faint EUV sources and have subsequently
identiÐed the objects as six active galactic nuclei (AGNs), 14
late-type stars (10 single and two double active stars), and
three white dwarf stars. Finding charts are presented in

We also obtained direct imaging of the hostFigure 1.
galaxy of one of the AGNs (EUVE J0736]257) and have
detected the spatial extension of this object. In this paper,
we present the optical spectra, as well as the EUV E and
ROSAT Position Sensitive Proportional Counter (PSPC)
count rates, for these sources. We derive distances, lumi-
nosities, and spectral types for the stellar objects. We also
measure redshifts and present preliminary energy diagrams
for the AGNs.

2. OBSERVATIONS AND DATA REDUCTION

All objects were initially detected by EUV E in the all-sky
survey mode, using the Lexan detector (58È174 A� ).

et al. performed a cross-correlation of faintLampton (1997)
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FIG. 1.ÈFinding charts for the 21 EUV E/ROSAT detected objects (including two double active stars). An error circle of 30A diameter has been
superposed on the images. The Ðelds are 5@ square, and orientation is indicated on each page (north is up and east is left).

EUV E sources with the ROSAT PSPC catalog (5È124 toA� )
verify the EUV detections. ROSAT and EUV E count rates
for our objects are presented in Tables and below.3, 6, 7
Very recently, the Ðrst ROSAT All-Sky Survey (RASS)
catalog became available et al. pre-(Voges 1997) ; Table 1

sents corroborating data from this catalog. The ROSAT
PSPC count rates from et al. and Voges etLampton (1997)
al. generally agree ; the hardness ratio HR1, deÐned as
(B[ A)/(B] A), where A is the count rate between 0.1 and
0.4 keV and B is the count rate between 0.5 and 2.0 keV,
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FIG. 1ÈContinued

helps discriminate between soft sources (HR1\ [1), such
as white dwarfs, and hard sources (HR1 \ ]1), such as
late-type stars and AGNs.

2.1. Spectroscopy and Imaging
Optical spectroscopy was performed at the Michigan-

Dartmouth-MIT Observatory (MDM) 2.4 m Hiltner Tele-

scope at Kitt Peak on 1996 January 6È12 and April 6 and 9,
and at the Mount Stromlo Observatory (MSO) 74 inch (1.9
m) telescope on 1996 April 18, 19, 20, 23, and 25. During the
January run at MDM, we used the Mark III spectrograph
and a Tektronix 1024 ] 1024 CCD with wavelength cover-
age between approximately 3600 and 6000 at 2.32A� A�
pixel~1. The slit width was adjusted to exceed the seeing at

During the April run at MDM, we used the Modular2A.4.
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FIG. 1ÈContinued

Spectrograph and a Loral 2048 ] 2048 CCD with wave-
length coverage between 4200 and 6770 at 1.27 pixel~1.A� A�
Spectral resolution was 5È6 in January and 2È3 inA� A�
April. We used Hg-Ne and Xe lamps for wavelength cali-
bration. All spectra were bias-subtracted, Ñat-Ðelded,
extinction-corrected, and wavelength- and Ñux-calibrated
using NOAOÏs IRAF at the Center for EUV Astrophysics

and Dartmouth College. We found that corrections for
extinction critically a†ected the colors for observations
made at large air mass.

At Mount Stromlo, two sets of instrumentation were
used : a Cassegrain focus spectrograph with a 300 line
mm~1 grating with a UVAR thinned SITe 1752 ] 532
CCD, and an identical setup with a 416 ] 578 GEC CCD.
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FIG. 1ÈContinued

The slit width was set at 3A. The MSO UVAR spectra cover
the wavelength range from 3660 to 6040 at 2.72 pixel~1A� A�
for a 5È6 resolution while the MSO GEC spectra coverA�
only from 3820 to 5000 at 2.04 pixel~1 and resolutionA� A�
of B6 A� .

R-band imaging of one of our targets (EUVE
J0736]257) was also performed on the 2.4 m telescope at

MDM. We used the Tek CCD with a Kron-Cousins R
Ðlter. The observation log for all four instruments is pre-
sented in Table 2.

2.2. Magnitudes and Colors
To Ðnd apparent magnitudes and colors, we used (1)
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TABLE 1

CORRESPONDENCE BETWEEN THE LAMPTON ET AL. AND VOGES ET AL. CATALOGS

Lampton Hardness
Name et al. RASS Error Ratio

(EUVE) (counts s~1) (counts s~1) (counts s~1) (HR1) Error

J0009[105 . . . . . . . . . . 0.07 0.085 0.020 0.13 0.24
J0341[016 . . . . . . . . . . 0.02 . . . . . . . . . . . .
J0609[358 . . . . . . . . . . 0.42 0.367 0.024 [0.16 0.06
J0653[564 . . . . . . . . . . 0.07 . . . . . . . . . . . .
J0702[018 . . . . . . . . . . 0.02 . . . . . . . . . . . .
J0736]257 . . . . . . . . . . 0.07 0.066 0.015 0.34 0.23
J0825[163 . . . . . . . . . . 0.52 0.509 0.043 [0.25 0.08
J0831]402 . . . . . . . . . . 0.13 0.116 0.026 0.39 0.22
J0939]548 . . . . . . . . . . 0.05 . . . . . . . . . . . .
J1004]503 . . . . . . . . . . 0.70 0.689 0.043 [0.26 0.05
J1031]508 . . . . . . . . . . 4.66 4.464 0.092 [0.26 0.02
J1131[346 . . . . . . . . . . 0.70 0.656 0.076 [0.31 0.29
J1145[553B . . . . . . . . 0.51 0.456 0.043 [0.07 0.09
J1256[032 . . . . . . . . . . 0.07 0.065 0.019 [0.40 0.21
J1535[774 . . . . . . . . . . 0.58 0.049 0.05 [1.00 0.04
J1713[858 . . . . . . . . . . 0.18 0.204 0.034 [0.28 0.15
J1802]642 . . . . . . . . . . 0.17 0.144 0.004 [0.19 0.02
J1811[789 . . . . . . . . . . 0.46 0.418 0.059 0.03 0.13
J2110[193 . . . . . . . . . . 0.37 0.440 0.043 [0.01 0.10
J2215[277 . . . . . . . . . . 0.35 0.31 0.04 [1.00 0.02
J2244[332A,B . . . . . . 0.89 1.048 0.064 [0.23 0.05

NOTES.ÈShown is a comparison between PSPC count rates from et al. and theLampton 1997
ROSAT All-Sky Survey (RASS) catalog of et al. The hardness ratio HR1 is deÐned asVoges 1997.
(B[A)/(B] A), where A is the count rate between 0.1 and 0.4 keV and B is the count rate between
0.5 and 2.0 keV.

published photometry, (2) Guide Star Catalog (GSC)
magnitudes, which su†er uncertainties of order 0.3 mag

et al. or (3) our own Ñux-calibrated spectra.(Russell 1990),
In case 2, visual magnitudes were derived from GSC ““ quasi

B ÏÏ magnitudes and B[V colors. In case 3, we derived
magnitudes and colors using the IRAF SBANDS routine
to convolve our spectra with the U, B, and V transmission
curves. Transparency variations and uncalibratable losses

TABLE 2

OBSERVATION LOG

UT Name texp(1996) (EUVE) (s) Air Mass Telescope

Jan 9 :
0828 :34 . . . . . . . . . . . . J0831]402 300 1.01 2.4 m Hiltner
0857 :05 . . . . . . . . . . . . J0736]257 3600 1.04 2.4 m Hiltner

Jan 10 :
0925 :37 . . . . . . . . . . . . J0825[163 300 1.55 2.4 m Hiltner
0958 :30 . . . . . . . . . . . . J1004]503 180 1.06 2.4 m Hiltner
1120 :11 . . . . . . . . . . . . J1131[346 300 2.53 2.4 m Hiltner

Jan 11, 0643 :40 . . . . . . J0609[358 300 2.68 2.4 m Hiltner
Jan 12 :

0149 :48 . . . . . . . . . . . . J0009[105 1800 1.51 2.4 m Hiltner
0344 :30 . . . . . . . . . . . . J0341[016 3600 1.20 2.4 m Hiltner
0916 :32 . . . . . . . . . . . . J0702[018 1200 1.44 2.4 m Hiltner
0953 :53 . . . . . . . . . . . . J0939]548 3600 1.09 2.4 m Hiltner
1110 :43 . . . . . . . . . . . . J1031]508 1800 1.07 2.4 m Hiltner
1149 :14 . . . . . . . . . . . . J1031]508 3600 1.09 2.4 m Hiltner

Jan 17, 0655 :58 . . . . . . J0736]257 600 1.01 2.4 m Hiltner imaging
Apr 6, 1035 :51 . . . . . . . J1802]642 360 1.25 2.4 m Hiltner
Apr 9, 0718 :27 . . . . . . . J1256[032 600 1.22 2.4 m Hiltner
Apr 18 :

1249 :00 . . . . . . . . . . . . J1145[553A 600 1.07 MSO 74 inch
1307 :06 . . . . . . . . . . . . J1145[553B 300 1.09 MSO 74 inch
1657 :20 . . . . . . . . . . . . J1713[858 600 1.57 MSO 74 inch

Apr 19, 0929 :16 . . . . . . J0653[564 1800 1.18 MSO 74 inch
Apr 20 :

1523 :06 . . . . . . . . . . . . J1535[774 2400 1.34 MSO 74 inch
1906 :35 . . . . . . . . . . . . J2215[277 1200 1.34 MSO 74 inch

Apr 23 :
1621 :29 . . . . . . . . . . . . J1811[789 600 1.41 MSO 74 inch
1735 :49 . . . . . . . . . . . . J2110[193 300 1.51 MSO 74 inch

Apr 25 :
1927 :44 . . . . . . . . . . . . J2244[332A 240 1.26 MSO 74 inch
1935 :07 . . . . . . . . . . . . J2244[332B 240 1.24 MSO 74 inch
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at the spectrograph slits make this procedure uncertain
by up to ^1 mag.

3. ANALYSIS

Our optical identiÐcations are all based upon the dis-
covery of members of known EUV-emitting classes through
spectroscopy of objects within the combined EUV E/
ROSAT error circles. We now discuss the new members of
each of these classes in turn.

3.1. T he AGN Sample
We have identiÐed six extragalactic objects using optical

spectroscopy : one BL Lac object, one Seyfert 2 galaxy, and
four quasi-stellar objects (QSOs). Five of the identiÐcations
are previously unknown objects, and EUVE J1031]508
(\1ES 1028]511) was originally discovered in the Einstein
Slew Survey et al. All the AGNs detected are(Elvis 1992).
located within relatively low Galactic columns. With the
exception of the BL Lac object (discussed below), all exhibit
strong, narrow forbidden lines of oxygen, neon, and
sulphur, as well as the hydrogen Balmer series. Spectra are
presented in Figure 2.

Line widths were measured using the IRAF SPLOT
routine to Ðt a Gaussian to a line. Measurements were then
shifted to the rest frame and converted to velocity space. We
derived redshifts from the forbidden lines only. Neutral
hydrogen column densities were extracted from the Bell
Laboratories H I Survey et al. Distances and(Stark 1992).
absolute magnitudes were calculated assuming kmH0\ 50
s~1 Mpc~1. lists the positional, photometricTable 3 (m

V
,

B[V , and EUV E and ROSAT count rates), and classi-
Ðcation data. also lists additional properties : H ITable 3
column densities redshifts (z), distances (d), and abso-(NH),
lute magnitudes lists velocity widths.(M

V
). Table 4

Our classiÐcations are based upon the detections of nebu-
losity, the measured FWHM velocities of the permitted and
forbidden emission lines according to the criteria of

and absolute magnitudes. OsterbrockOsterbrock (1987),
states that Seyfert 1 galaxies are characterized by M

B
B

[21, while for Seyfert 2 galaxies However, aM
B
B [20.

plot of absolute magnitude and object type (Weedman
indicates some mixing between the two types, and1973)

therefore we discriminate between Seyfert 1 and Seyfert 2
galaxies based upon line widths. BL Lac objects tend to be
more luminous than Seyfert galaxies. & JohnstonWeiler

cited a range from to for(1980) M
V

\[22 M
V

\ [28
their sample of BL Lac objects. & GreenSchmidt (1983)
classiÐed all objects with fainter than [23 as Seyfert 1M

Bgalaxies. We have conducted imaging for only one object
and thus have little evidence for their galactic nature. In
addition, Seyfert 1 and QSO spectra are very similar. We
therefore classify as QSOs objects with Seyfert 1/QSO
spectra and no detected galaxy.

EUVE J0009[105, J0341[016, J0939]548, and
J1256[032 all have permitted-line velocity widths in excess
of 1000 km s~1, characteristic of low-redshift quasars or
Seyfert 1 galaxies.

We now present a brief overview of individual properties
of the active galaxies.

EUV E J0009[105.ÈThis object has been previously
cataloged as PHL 2680, a blue-excess object. We now iden-
tify it as a QSO with redshift z\ 0.241. The other, some-
what fainter, object just to the east of the error circle is a
main-sequence GÈK star, which is extremely faint and

therefore an unlikely source of the EUV emission.
EUV E J0341[016.ÈThe emission lines Hc and [O III]

j4363 are blended together. We deblended the lines using
the IRAF SPLOT routine, yielding an FWHM of 2100 km
s~1 for Hc. The prominent [O II] 3727 line has anA�
FWHM of 700 km s~1. These line widths lead us to a QSO
classiÐcation.

EUV E J0736]257.ÈThe Seyfert 2 galaxy EUVE
J0736]257 has narrow permitted and forbidden lines of
approximately the same width (B400 km s~1). Character-
istic of most Seyfert 2 galaxies, its emission lines exhibit
blue-wing asymmetries &(Weedman 1977 ; Khachikian
Weedman In addition, the Ca II H and K absorption1974).
lines of the host galaxy are seen quite clearly in the spec-
trum. We have detected nebulosity and elongation along a
position angle of D45¡ in a red-band CCD image. Figure 3
compares the contour plots of the galaxy and of a stellar
image taken from the same CCD frame.

EUV E J0939]548.ÈWe classify EUVE J0939]548 as a
low-redshift QSO based upon its emission lines and the lack
of evidence for a host galaxy. This object has a redshift of
z\ 0.292 and an absolute magnitude of it isM

V
\[22.2 ;

somewhat more luminous than the typical Seyfert 1 galaxy,
in accordance with its status as a QSO.

EUV E J1031]508.ÈThe lone BL Lac object in our
sample, EUVE J1031]508 (\1ES 1028]511) displays a
high luminosity and nearly featureless con-(M

V
\ [25.1)

tinua, characteristic of most BL Lac objects. Previous
studies of this object with the Einstein satellite have shown
that, like many BL Lac objects, it is X-rayÈbright et(Elvis
al. et al. and exhibits a soft excess in1992 ; Schachter 1993)
the ROSAT PSPC bandpass Fink, & Engels(Bade, 1994).
These studies also tentatively measured a redshift
(z\ 0.239) based upon optical spectroscopy and the uncer-
tain detection of the Ca II H and K absorption lines

et al. None of the previously published(Perlman 1996).
spectra et al. et al. exhibit(Schachter 1993 ; Perlman 1996)
the prominent Ca II H and K lines that we Ðnd, perhaps
because of the lower quality of their spectra or the inherent
variability of the object. et al. estimatedSchachter (1993)
1È2 mag of variability between the POSS plate images and
their 1993 spectroscopy. We have measured an accurate
redshift of z\ 0.361 based upon the prominent Ca II H and
K lines present in our spectra. et al. haveBade (1994)
studied EUVE J1031]508 and Ðtted a two-component
power law, with neutral hydrogen column density as a free
parameter, to its ROSAT PSPC spectra. They concluded
that below 0.7 keV the slope was characterized by
a \ [2.4, while above 0.7 keV a \ [0.94. The best-Ðt
column density was in sharp contrast toNH \ 3.15] 1020,
the 1.3 ] 1020 measured by the Bell Laboratories survey.
They postulated that the disagreement between the Bell
Laboratories value and their best Ðt might be due to the
presence of intrinsic absorption or the insufficiency of their
Ðt model. This object has also been detected by many obser-
vers in the radio band at 6 cm White, & Edwards(Becker,

& Condon et al. A1991 ; Gregory 1991 ; Perlman 1996).
spectral energy distribution comprising all known detec-
tions, and utilizing the et al. Ðt, is presented inBade (1994)
Figure 4.

EUV E J1256[032.ÈWe identify EUVE J1256[032 as
a low-redshift QSO, with z\ 0.318, based upon its
emission-line widths. This object also has veryM

V
B [23,

near & faint limit for QSOs.Schmidt GreenÏs (1983)



FIG. 2.ÈOptical spectra of the six AGNs: EUVE J0009[105, a QSO; EUVE J0341[016, a QSO; EUVE J0736]257, a Seyfert 2 galaxy ; EUVE
J0939]548, a QSO; EUVE J1031]508, a BL Lac object ; and EUVE J1256[032, a QSO. The spectra have been smoothed by 3 pixels to reduce the noise
levels and normalized to the Ñux at the 4000 rest wavelength.A�
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FIG. 3.ÈContour plots of R-band images of EUVE J0736]257 (left) and a nearby star (right), taken from the same CCD frame. Minimum and maximum
contour levels are 10 and 1000, respectively. Each contour increases by a factor of 1.67. The air mass was 1.010 at the start of the exposure and the seeing
approximately East is up and north is to the right. Note the extension to the northeast and southwest.1A.3.

FIG. 4.ÈEnergy spectrum of EUVE J1031]508. The 6 cm data shown
are from White, & open circle), &Becker, Edwards (1991 ; Gregory

open square), and et open triangle). TheCondon (1991 ; Perlman al. (1996 ;
X-ray bow-tie diagram and the optical and EUV data points are from this
paper. Einstein Slew Survey data points are from Ansari, &Giommi, Micol

Ðlled square) and et Ðlled triangle), and the(1995 ; Perlman al. (1996 ;
ROSAT PSPC data points are from et Ðlled circle) andNass al. (1996 ;

Fink, & cross). The spectral indices are from etBade, Engels (1994 ; Bade
al. (1994).

3.2. T he AGN Spectral Energy Distribution
The X-ray slopes for AGNs depend upon the observed

energy ranges. Several studies have shown that X-rayÈ
selected samples of AGNs observed with the Einstein IPC
(0.2È3.5 keV) have X-ray slopes between 0.25 and 1.5

& Elvis et al. Wilkes & Elvis(Wilkes 1987 ; Elvis 1994).
(1987) present a histogram of their sample of 47 objects that
spans this range but is dominated by objects with slopes
between 0.3 and 1.3. The sample is double peaked ; radio-
loud objects cluster around a \ 0.5, and radio-quiet objects
cluster around a \ 1.0. Work by Urry, & CanizaresKruper,

conÐrms these results. For a sample of 75 Seyfert(1990)
galaxies, they found that a ranges from approximately 0.2 to
1.3 and divides into a \ 0.55 for radio-loud objects and
a \ 0.80 for radio-quiet objects.

The ROSAT PSPC has a slightly softer energy range
(0.1È2.4 keV) than the IPC. Several recent studies indicate
that the X-ray slope of AGNs is steeper in this energy range.

et al. found a B 1.4È2.3 for their sample of sixLieu (1995)
AGNs. & Fink studied a sample of 58 SeyfertWalter (1993)
1 galaxies and found a slope of 1.3È2.7. et al.Laor (1994)
Ðtted an X-ray slope ranging from 0.9 to 2.1 for their opti-
cally selected sample of 10 QSOs. et al. studiedFiore (1994)
six radio-quiet QSOs and found a slope of 1.3È2.3. Some
evidence also indicates that BL Lac objects may have a
unique distribution of X-ray slopes. et al.Brinkman (1995)
studied a sample of 59 radio detected BL Lac objects, for
which they found an average slope of a \ 1.28^ 0.58. We

TABLE 4

VELOCITY WIDTHS OF FORBIDDEN AND PERMITTED LINES FOR AGNS

VELOCITY (km s~1)
NAME

(EUVE) [O II] j3727 Hd (4101 A� ) Hc (4340 A� ) Hb (4861 A� ) [O III] j4959 [O III] j5007

J0009[105 . . . . . . 419 2723 . . . . . . . . . . . .
J0341[016 . . . . . . 695 . . . 2103 . . . . . . . . .
J0736]257 . . . . . . . . . . . . . . . 405 . . . 352
J0939]548 . . . . . . 619 1710 . . . . . . . . . . . .
J1256[032 . . . . . . . . . . . . . . . 5115 361 . . .



No. 1, 1997 FAINT SOURCES IN EUV E SURVEY 189

have chosen an X-ray slope of 0.9È2.7 for our EUV E/
ROSAT -detected sample based upon the preceding factors.
The Ñuxes are computed in the same fashion as in our study
of the Seyfert 1 galaxy Ton S180 et al.(Vennes 1995).

We present spectral energy distributions spanning the
optical to X-ray range in Our sample is X-rayÈFigure 5.
selected ; the objects are faint optically but are signiÐcant
ROSAT detections in the 0.1È2.4 keV range. Determining
whether our objects are radio-quiet or radio-loud is diffi-
cult. No radio detections exist in the current literature,
except for EUVE J1031]508. & Elvis foundWilkes (1987)
a positive correlation between X-ray strength and radio
strength. X-rayÈbright objects should be radio-loud ; if our
objects could be classiÐed as X-rayÈbright, then the X-ray
slopes would be more tightly constrained than we have
indicated in Figure 5.

The EUV Ñuxes of these objects are of great astrophysical
importance. The EUV Ñux of our sample is evident as an
excess above the optical to X-ray continua. This excess
could be a continuation of the optical/UV ““ blue bump ÏÏ
seen in many AGNs & Sargent The ““ blue(Malkan 1982).
bump ÏÏ feature may extend into the soft X-ray range in
many objects, and has been modeled as the signature of an
accretion disk surrounding a black hole that powers the
AGNs et al. The physical model-(Malkan 1983 ; Elvis 1994).
ing of this spectral region is very controversial ; some
authors have proposed more complex scenarios than the
widely accepted black holeÈaccretion disk model &(Czerny

If conÐrmed, the EUV detections have greatZ0 ycki 1994).
implications for the nature of the ““ blue bump ÏÏ and the
engine of AGNs. We recommend long-duration EUV E

exposures and ROSAT soft-band observations of this
exceptional sample of EUV/X-rayÈselected objects.

3.3. T he Active Dwarf Stars
The active stars in our sample consist of a group of

young, late-type K and M dwarfs with varying degrees of
Ca II H and K emission. The optical, EUV, and X-ray Ñuxes
of these stars originate in the chromosphere and corona,
where the magnetic energy generated by the dynamo action
is dissipated et al.(Mathioudakis 1995b).

The optical spectra are characterized by hydrogen
Balmer line emission, as well as strong molecular absorp-
tion bands of TiO, CaOH, and MgH. The intensities of
these absorption bands may be used to identify the spectral
types because of their extreme sensitivity to temperature

& Doyle & Hawley(Mathioudakis 1991 ; Pettersen 1989).
The B[V colors for these objects may be misleading if used
for classiÐcation. Color indices for late-type stars have large
values because of the steep slope of color as a function of
temperature & Jaschek This slope results in(Jaschek 1987).
large di†erences in B[V colors if the mean wavelength of
the photometric system is subject to any uncertainties.
Thus, we did not attempt classiÐcation of the latest types
utilizing the color indices but have noted below when they
are discrepant with our spectral types. We present spectra of
our 14 objects in Figure 6.

The late-type stars often exhibit Ñare activity (Pettersen
Ñares have been detected in the EUV bandpass from1989) ;

AU Mic, EUVE J2056[171 et al.(Mathioudakis 1995a),
and others. Stellar activity is linked to both the starÏs age
and its spectral type ; stronger Ñare activity correlates with

FIG. 5.ÈObserved optical to X-ray energy spectra of our sample of six AGNs. EUV and X-ray data are derived from the EUV E and ROSAT Ñuxes, and
the EUV/X-ray slopes were chosen to range from 0.9 to 2.7 (see text).
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FIG. 6.ÈOptical spectra of the 14 active stars. The spectra have been normalized to the Ñux at 5000 A� .

later types and youth et al.(Mathioudakis 1995a ; Linsky
In great contrast with the Sun, for which optical1988).

Ñares are rare late-type M dwarfs may(Linsky 1988),
exhibit as many as half a dozen optical Ñares per hour

Cochran, & Barker During a Ñare, the(Pettersen, 1985).
hydrogen emission lines become more pronounced and
higher members of the series begin to appear (Linsky 1988 ;

X-ray emission may also be enhanced, andFoing 1989).
Ca II H and K may appear in emission. & HawleyPettersen

state that the strength of the Ca II and H I emission(1989)
lines is a good indicator of the level of chromospheric
activity.

We determined the absolute magnitudes of the active
stars from the strength of the strongest TiO absorption

bands using the criteria developed by & HawleyPettersen
TiO decrements were measured for the active stars(1989).

using the IRAF SPLOT routine. lists distancesTable 5
implied by the absolute and apparent magnitudes.

Spectral types for the M stars were derived based upon
the luminosities, using and by comparisonAllen (1973),
with & spectra of Ñare stars. WePettersen HawleyÏs (1989)
estimate an uncertainty of one spectral type in our classi-
Ðcations, based upon the scatter in the & HawleyPettersen

relationship between absolute magnitude and the(1989)
TiO decrement. Spectral types for the K stars, whose TiO
bands are weaker, were inferred from the B[V colors
(Allen 1973).

EUV and X-ray Ñuxes were determined from the known
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FIG. 6ÈContinued

count rates by estimating the hydrogen column density and
assuming a coronal model & Landini(Monsignori-Fossi

Since these stars are located nearby, we do not have1994).
any Ðeld objects in their direction that could be used to
accurately estimate the hydrogen column densities. Hydro-
gen columns along the line of sight were estimated from the
average interstellar medium (ISM) density (0.1 cm~3 ; Cox
& Reynolds and the distances. These data are present-1987)
ed in The interstellar attenuation was computedTable 5.
using the compilation of hydrogen and helium photoioniza-
tion cross sections presented by Bowyer, & VennesRumph,

Source Ñuxes were determined using the(1994).
& Landini line emissivities for aMonsignori-Fossi (1994)

coronal temperature of 107 K. We believe this value is a
good choice for the coronal temperature, as EUV E spectro-

scopic observations of the brightest dMe Ñare stars have
shown that the Lexan/B band is dominated by lines of
Fe XVIIIÈXXIII formed at around 106.8È107.2 K. In order to
evaluate an uncertainty for the estimated Ñuxes, we have
examined their dependence upon the coronal temperature.
At high interstellar hydrogen column densities, e.g.,
1.5] 1019 cm~2, we Ðnd that a variation in the coronal
temperature between 4] 106 and 1.5 ] 107 K results in a
maximum change of 30% in the Lexan/B Ñux. For the same
coronal temperature, 107 K, a change in the hydrogen
column density from 1.5] 1019 to 5 ] 1018 cm~2 causes a
50% change in the Ñux. The small inÑuence of on theNHROSAT PSPC wavelengths makes the uncertainty of the
Ñuxes considerably smaller. We calculated surface Ñuxes
based upon the method outlined in Zwaan, & Mid-Oranje,
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FIG. 6ÈContinued

dlekoop Bolometric corrections and e†ective tem-(1982).
peratures for the M and K stars were based upon the
spectral types and interpolated from tables.AllenÏs (1973)

lists the EUV E and ROSAT PSPC Ñuxes.Table 6
We now present a brief overview of individual properties

of the active stars.
EUV E J0609[358.ÈThe spectral type of EUVE

J0609[358 is uncertain. This object has a B[V color
indicative of an M2 V star, and its spectrum is most similar
to an M1 V star, as depicted by & HawleyPettersen (1989).
However, criteria based upon TiO bands disagree on abso-
lute luminosities ; the TiO 4950 and 5450 bands provideA�

characteristic of dK6.5 stars, and the weaker TiOM
V

\ 7.8,
4760 band yields which would place thisA� M

V
\ 9.44,

object in the M1 V class, in agreement with its spectral
shape. The overluminous nature of this object is puzzling.

EUV E J0702[018.ÈThis object is located in a dense
Ðeld. We conducted spectroscopy of all the stars within the
error circle ; they were all inactive KÈG types. We identify
EUVE J0702[018 as a dM4e star.

EUV E J0825[163.ÈThe star EUVE J0825[163 is
identiÐed in the second ROSAT Wide Field Camera (WFC)
source catalog (2RE; et al. as GSC 5998-1783. WePye 1995)
identify the EUV source with the star GSC 5998-1918 and
assign a dK6e spectral type. Because of the large error
circles of the WFC and EUV E, the 2RE identiÐcation may
be a second source. Optical spectra would be necessary to
conÐrm the second source.

EUV E J0831]402.ÈThis object is also known as GSC
2978-1686. The GSC lists the quasi-V magnitude as 13.32.
We derive a spectral type of dM5e.

EUV E J1004]503.ÈWe identify the star EUVE
J1004]503 as the previously known, high proper motion
Giclas object G196-3 Burnham, & Thomas(Giclas, 1966).
We classify this star as dM3e.

EUV E J1131[346.ÈEUVE J1131[346 (PDS 55, or
CD [33¡7795) is also known from the Pico dos Dias
survey for T Tauri stars. et al. classi-Gregorio-Hetem (1992)
Ðed PDS 55 as an isolated T Tauri star associated with the
TW Hya group, based upon its proximity to TW Hya and

TABLE 5

ACTIVE STAR SAMPLE

Name M
V

d NH(EUVE) m
V

Spectral Type B[V (TiO 5450 A� ) (pc) (1018 cm~2) Comments

J0609[358 . . . . . . . . 11.05 dM1e 1.52 7.8 45 \13.9 GSC 7084-0794
J0702[018 . . . . . . . . 13.46È14.51a dM4e 1.58 9.15 73È118 22.5È36.4 No GSC magnitude
J0825[163 . . . . . . . . 10.52 dK6e 1.22 7.2 46 \14.2 GSC 5998-1918
J0831]402 . . . . . . . . 13.32b dM5e 1.67 11.8 20 \6.2 GSC 2978-1686
J1004]503 . . . . . . . . 11.29b dM3e 1.44 10.5 14 \4.3 GSC 3440-0013
J1131[346 . . . . . . . . 11.54 dM2.5e 1.4 10.3 18 \5.6 GSC 7223-0275
J1145[553B . . . . . . 13.86 (m

B
)c dM3e 1.55d 10.6 (4950 A� ) 22e \6.8 3850È5000 A� only

J1713[858 . . . . . . . . 11.69 dK5e 1.21 7.0 87 \26.8 GSC 9526-0895
J1802]642 . . . . . . . . 12.92 dM7e 2.68f 14.5 5 \1.5 GSC 4209-1465
J1811[789 . . . . . . . . 12.38 dM5.5e 1.7 12.7 9 \2.8 GSC 9453-1008
J2110[193 . . . . . . . . 11.75 dM5e 1.25 9.5 28 \8.6 GSC 6354-0357
J2244[332A . . . . . . 12.05 dM5e 1.28 12.25 9 \2.8 GSC 7501-0987
J2244[332B . . . . . . 13.29 dM5.5e 1.47 13.7 8 \2.5 GSC 7501-0943

a Range estimated from other stars on GSC plate and spectrophotometry.
b From the GSC.
c SBANDS B magnitude.
d Estimated from spectral type.
e Distance estimated using distance modulus and estimated from spectral type.m

Vf B[V derived from uncertain B-value in SIMBAD; our spectra only 4200È6800 A� .
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TABLE 6

EUV E/ROSAT COUNT RATES AND FLUXES FOR ACTIVE STARS

EUV E ROSAT

NAME Count Rate Flux Count Rate Flux
(EUVE) R.A. (J2000) DECL. (J2000) (counts s~1) (10~13 ergs cm~2 s~1) (counts s~1) (10~13 ergs cm~2 s~1)

J0609[358 . . . . . . . . 06 09 19.13 [35 49 30.0 0.019 12 0.42 30
J0702[018 . . . . . . . . 07 02 58.88 [01 48 40.62 0.030 30 0.02 1.5
J0825[163 . . . . . . . . 08 25 51.81 [16 22 47.6 0.026 16 0.52 38
J0831]402 . . . . . . . . 08 31 01.91 ]40 12 13.76 0.024 9.5 0.13 9.0
J1004]503 . . . . . . . . 10 04 21.68 ]50 23 16.89 0.020 7.0 0.70 48
J1131[346 . . . . . . . . 11 31 55.39 [34 36 27.3 0.022 8.5 0.70 48
J1145[553B . . . . . . 11 45 47.89 [55 20 30.1 0.018 7.5 0.51 35
J1713[858 . . . . . . . . 17 13 08.5 [85 52 08.9 0.019 22 0.18 14
J1802]642 . . . . . . . . 18 02 16.09 ]64 15 51.16 0.007 2.1 0.17 11
J1811[789 . . . . . . . . 18 11 14.67 [78 59 29.3 0.019 6.5 0.46 31
J2110[193 . . . . . . . . 21 10 05.31 [19 19 55.5 0.027 14 0.37 26
J2244[332A . . . . . . 22 44 57.65 [33 14 59.3 0.036 12 0.89 60
J2244[332B . . . . . . 22 44 59.75 [33 15 23.7 0.036 12 0.89 60

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds.

the detection of strong Li I j6708 absorption and Ha emis-
sion. Unlike many T Tauri stars, it was not detected by
IRAS, and Mathieu, & Fuller cite only anJensen, (1996)
upper limit of 126 mJy for its 800 km Ñux. It has also been
detected in radio surveys at the VLA. & LimRucinski

reported Ñux densities of 4.10 and 4.33 mJy at 6 and(1994)
3.6 cm, respectively. These authors also estimated the spec-
tral type as M2 VÈM3 V, in excellent agreement with our
classiÐcation of M2.5 Ve. Although several authors have
classiÐed this object as a T Tauri or weak-lined T Tauri
(WTT) star based upon the strength of its Ha and Li I lines,
its classiÐcation remains in doubt. et al.Mathioudakis

have studied a similar object, the dK7eÈdM0e star(1995a)
EUVE J2056[171, and have argued that the Li abundance
could be produced during energetic Ñare events. In addi-
tion, & Lim detected 10%È15% polariza-Rucinski (1994)
tion at the VLA wavelengths, which is far in excess of that
measured for known WTT stars (1%È2%; Pallavi-White,
cini, & Kundu If EUVE J1131[346 is indeed a T1992).
Tauri star, it would be one of very few ever detected by
EUV E. Additional study of this object with the Hubble
Space Telescope and EUV E may clarify its nature.

EUV E J1145[553A,B.ÈEUVE J1145[553B is classi-
Ðed as a dM3e star. This object was also detected in the
Einstein Slew Survey (1ES 1143[55.0), where it is listed as
an unidentiÐed source et al. This object is(Elvis 1992).
located somewhat outside of the position error circle. A
second source exists on the edge of the error circle. The K
star EUVE J1145[553A has weak Ca II H and K emission.
However, we believe that EUVE J1145[553B is a more
likely candidate for the EUV detection, based upon its
much stronger emission lines.

EUV E J1713[858.ÈAlso known as GSC 9526-0895,
this object has a quasi-B magnitude of 12.56 and a derived
spectral type of dK5e.

EUV E J1802]642.ÈThis star was originally detected in
the Burnham, & Thomas and theGiclas, (1968) Luyten

proper-motion surveys, where it is known as(1971)
G227-22 and LP 71-82, respectively. We propose a dM7e
spectral type. We note the possible variability of this object ;
Giclas et al. list a photographic magnitude of 14.8, Luyten
lists a photographic magnitude of 15.5, and we derive a V
magnitude of 12.92. This object has also been detected as an
X-ray source in the Einstein IPC 2E survey as 2E
1802.0]6415 (McDowell 1994).

EUV E J1811[789.ÈThis object is listed as GSC 9453-
1008 with a quasi-B magnitude of 13.6. We derive a spectral
type of dM5.5e.

EUV E J2110[193.ÈThis object is listed as GSC 6354-
0357 with a quasi-B magnitude of 12.65. We derive a spec-
tral type of dM5e.

EUV E J2244[332A,B.ÈEUVE J2244[332B (TX PsA)
is a well-known, nearby Ñare star originally detected in the

and proper-motion surveys,Gliese (1969) Luyten (1957)
where it is known as GJ 871.1B and LTT 9175 (or L574-61),
respectively. This star is the secondary component of a
common proper motion binary system comprising GJ
871.1B and GJ 871.1A (or LTT 9174, L574-62). Kunkel

reported detection of a Ñare on the B component and(1972)
listed the starÏs apparent visual magnitude as 12.5. Petit

lists this star as a nearby variable. He derived a paral-(1980)
lax of 0.060 and a spectral type of dM4e, close to our type of
dM5.5e. lists spectral types in the & AbtRodono� (1978) Joy

scale for both members of the system, dM3e and(1974)
dM4e for A and B, respectively, and cites their magnitudes
as 13.0 and 14.4. Finally, again lists GJ 871.1BPetit (1990)
as a Ñare star and measures its variability in the U band to
be 15.2È16.6. We detect evidence for Ñare activity in the
dM5e star EUVE J2244[332A. In this object, emission
lines of Hf and Hg appear prominently, as well as shorter
wavelength members of the Balmer series down to H12.
Interestingly, the emission reversal of the Ca I j4227
absorption feature, which is a strong indicator of high activ-
ity, is lacking in this object & Doyle(Mathioudakis 1991).

Finally, in we plot the EUV surface Ñuxes as aFigure 7,
function of the ROSAT surface Ñuxes. According to

et al. the EUV radiative lossesMathioudakis (1995b),
should be comparable to the X-ray losses. In fact, we do see
a good correlation between the two Ñuxes. One star appears
to deviate from the linear grouping : EUVE J0831]402
appears to have an unusually low X-ray Ñux. We postulate
that this star may have been undergoing Ñare activity
during the EUV E observations, thereby raising its EUV
Ñux to higher than normal levels. The ROSAT observations
may have been taken during a quiescent state.

3.4. T he W hite Dwarf Stars
Young white dwarf stars, with temperatures in excess of

25,000 K, constitute a relatively large fraction of the mem-
bership in EUV survey catalogs (see et al.Pye 1995 ; Bowyer
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FIG. 7.ÈEUV E (0.05È0.2 keV) surface Ñuxes vs. ROSAT PSPC (0.1È2.4
keV) surface Ñuxes for 13 of the active stars (see Tables and and5 6 ° 3.3).
The ROSAT error bars were derived from the errors in the count rates as
listed in et al. The EUV E error bars were estimated at ^33%Voges (1997).
of the Ñux (a minimum 3 p detection).

et al. et al. The EUV-selected white1996 ; Lampton 1997).
dwarfs are often nearby (d B 100 pc ; see et al.Vennes

and are most often the brightest EUV sources in the1996b)
sky ; a number of white dwarfs should, therefore, turn up in
the optical identiÐcation of new EUV sources. These e†orts
may be hampered somewhat by the relative faintness in the
optical range and low spatial density of these compact
objects, as we show with three following cases. Study of the
Ðelds surrounding EUVE J0653[564, J1535[774, and
J2215[277 reveals three new white dwarf stars (see Fig. 8
and All three objects have estimated V [ 16, andTable 7).
an analysis of their properties is most revealing.

Using optical spectroscopy, we determine the e†ective
temperature and surface gravity of the three white dwarfs
following the method described in et al.Vennes (1996b).
Balmer line proÐles in a hot, hydrogen-rich DA white dwarf
depend upon the e†ective temperature and surface gravity
of the star, which solely determine its atmospheric tem-
perature and density structure. We computed a grid of

FIG. 8.ÈOptical spectra of three new white dwarf stars, the massive
DA1 EUVE J0653[564 and DA0 EUVE J1535[774, and the DA0
EUVE J2215[277. A spectrum of the massive DA1 white dwarf PG
0136]251 et al. is shown for comparison.(Schmidt 1992)

hydrogen line-blanketed model atmospheres in local ther-
modynamic equilibrium and detailed model line proÐles
using the results of T. Scho� ning & K. Butler (1995, private
communication). shows the results of line proÐleFigure 9
Ðts as a function of e†ective temperature and the(Teff)logarithm of the surface gravity (log g). summarizesTable 8
the stellar properties : and log g determined previously,Teffthe mass (M) in solar units determined from theoretical
mass-radius relations (sequences with thin hydrogen layers
from the absolute V magnitude deter-Wood 1995), (M

V
)

mined from the model Ñux at 5500 and Ðnally the dis-A� ,
tance (d) measured from the distance modulus.m

V
[ M

Valso compares the new white dwarfs with a knownTable 8
massive white dwarf (PG 0136]251 ; et al.Schmidt 1992)
and the hot white dwarf HZ 43 (see et al.Napiwotzki 1993).

EUV E J0653[564.ÈInterestingly, EUVE J0653[564 is
found to be a new massive white dwarf, with a mass well in
excess of 1.1 The star is similar in temperature andM

_
.

surface gravity to PG 0136]251 et al. This(Schmidt 1992).
object is classiÐed as a DA1 in the system of et al.Sion
(1983).

EUV E J1535[774.ÈThis DA0 white dwarf is also a
new massive white dwarf, but much hotter than most other
objects of its category. It is also presumably much younger

TABLE 7

WHITE DWARF SAMPLE

Name l b Spectral EUV E ROSAT
(EUVE) R.A. (J2000) Decl. (J2000) (deg) (deg) m

V
Type (counts s~1) (counts s~1)

J0653[564 . . . . . . . . . . . . 06 53 53 [56 24 44 266.3 [22.0 16.40 DA 0.012 0.07
J1535[774 . . . . . . . . . . . . 15 35 45 [77 24 37 311.6 [17.4 16.46 DA 0.064 0.58
J2215[277 . . . . . . . . . . . . 22 15 15 [27 42 18 22.7 [55.5 16.26 DA 0.028 0.35

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds.
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FIG. 9.ÈFits to the Balmer line proÐles of the new white dwarfs as a function of e†ective temperature and surface gravity (log g) (top), and the 66%,(Teff)90%, and 99% conÐdence contours (bottom).

and could be a predecessor of the massive DA1 white dwarf
GD 50. Bowyer, & Dupuis measured aVennes, (1996a)
relatively large photospheric abundance of helium in GD
50. The provenance of helium in a massive white dwarf
remains unknown, and a study of the atmospheric composi-
tion of a younger object such as EUVE J1535[774 may
help solve the question of the peculiar helium abundance
and the mystery of the origin of massive white dwarfs.

EUV E J2215[277.ÈThis DA1 white dwarf appears
similar to the hot white dwarf HZ 43, but at a distance of
324 pc. Further studies of this object should aim at a deter-
mination of its atmospheric composition and the hydrogen
column density in the ISM. The detection at EUV wave-
lengths of a white dwarf star implies a low density of hydro-
gen in this particular line of sight in the ISM.

These objects are either nearby but intrinsically faint
because of their high surface gravity or, as in the case of
EUVE J2215[277, intrinsically luminous but very distant.
The discovery of two new massive white dwarfs in the solar
neighborhood adds to et propositionVennes al.Ïs (1996b)
that a large population of massive white dwarfs may lie
hidden in the solar vicinity. EUV surveys are naturally effi-
cient in uncovering these peculiar objects.

4. SUMMARY

We have presented identiÐcations of 21 new EUV
sources. Sixteen of these sources are previously unknown
objects. The other Ðve (including two double stars) are
present in a wide variety of catalogs. Our sample includes
Ðve unusual objects : a BL Lac object, for which we measure

TABLE 8

WHITE DWARF STELLAR PROPERTIES

Teff *Teff M *M d
Name (K) (K) log g * log g (M

_
) (M

_
) M

V
(pc)

EUVE J0653[564 . . . . . . 35,200 1250 8.88 0.22 1.14 0.06 11.26 107
EUVE J1535[774 . . . . . . 58,000 6000 9.14 0.42 1.30 0.11 11.25 110
EUVE J2215[277 . . . . . . 50,200 3580 7.66 0.25 0.50 0.05 8.71 324
PG 0136]251 . . . . . . . . . . 39,190 360 9.00 0.10 1.21 0.05 11.35 85
HZ 43 . . . . . . . . . . . . . . . . . . . . 49,000 2000 7.70 0.20 0.51 0.08 8.81 67
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the Ðrst accurate redshift, a possible T Tauri star, which is
the Ðrst such object ever detected in the EUV, a Ñare star
with an unusually high level of activity, and two massive
white dwarf stars. This ensemble of objects characterizes
well the wide variety of sources observable with EUV E.
Opportunities for additional discoveries may yet lie within
the pool of detections in the EUV E survey.

The authors would like to express their thanks to Bob
Barr at MDM and Mike Bessell at MSO for their help

during the observing runs. This work was supported by
NASA grant NAG 5-2636 and by a grant from the Sigma Xi
ScientiÐc Research Society. The Digitized Sky Surveys were
produced at the Space Telescope Science Institute under US
government grant NAGW-2166. The images of these
surveys are based on photographic data obtained using the
Oschin Schmidt Telescope on Palomar Mountain and the
UK Schmidt Telescope. The plates were processed into the
present compressed digital form with the permission of
these institutions.
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