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ABSTRACT

We present optical spectra from 3 to 21 days and IUE spectra at 10 and 19 days following the outburst of
the extreme amplitude, very short orbital period cataclysmic variable AL Com after a 20 yr quiescent
interval. The JUE spectra have no evidence of P Cyg profiles and show an early presence of Lya absorption,
which may be indicative of a 25,000 K white dwarf. The optical spectra show only weak Balmer absorption
throughout this interval, with no dramatic changes within the 3 weeks. The spectra are compared to those
available for the few other systems that had similar long outbursts following a long quiescence (WZ Sge,
WX Cet, SW UMa). © 1996 American Astronomical Society.

1. INTRODUCTION

AL Comae Berenices has been known to be an eruptive
variable since 1961 (Rosino 1961) but its faintness at quies-
cence (V=20.1) prevented much detailed information, other
than the determination of the existence of large (8 mag) am-
plitude outbursts in 1961, 1965, 1974, 1975 (Bertola 1964,
Moorehead 1965; Scovil 1975). With the advent of efficient
CCDs, photometry at quiescence was accomplished during
1987-1989 (Howell & Szkody 1988; Szkody et al. 1989;
Howell & Szkody 1991; Abbott et al. 1992), which revealed
periodic modulations near 41 and 80-90 min. Since the
minimum period for nondegenerate secondaries is near 80
min, and the spectrum of AL Com at quiescence shows
strong hydrogen emission lines (Mukai et al. 1990), the 41
min period cannot be the orbital period. Howell & Szkody
(1991) and Abbott et al. (1992) suggested the possibility of
AL Com being a close binary with an orbital period of 80
min and the presence of one/two active accreting poles on a
magnetic white dwarf which is spinning at the 41 min period.

'Based in part on research done at the MDM Observatory, operated by the
University of Michigan, Dartmouth College, and the Masssachusetts Insti-
tute of Technology

2379 Astron. J. 111 (6), June 1996

0004-6256/96/111(6)/2379/7/$6.00

However, the lack of precise stability in the periods is a
problem for this type of model.

In 1995, after 20 yrs, AL Com again went into outburst,
reaching a peak magnitude of 11.9 on April 6. The light
curve from the AAVSO measurements is shown in Howell
et al. (1996). The outburst was very long, taking 2 months to
return to quiescence. During the outburst, periods near 79.3,
81.6, and 40.5 min were present early in the outburst, fol-
lowed by a periodicity at 82.5 min in the later stages
(Nogami & Kato 1995; Patterson 1995; DeYoung 1995;
Pych & Olech 1995; Howell et al. 1996). The 82.5 min pe-
riod was identified with a superhump period, the 79.3/81.6
min period with the orbital period, while the 40.5 min period
was suggested to be a disk resonance or stream overflow
phenomenon.

In the characteristics of shortness of orbital period, ampli-
tude of outburst, length of time since the last outburst, and
outburst length, AL Com lies at the extreme limits of the
dwarf novae (Warner 1995). Its characteristics place it in the
category of objects labelled SU UMa stars, which have su-
peroutbursts about 0.7 mag brighter than normal dwarf novae
outbursts, superhumps in the light curves during superout-
burst and orbital periods less than 2 hrs. The systems with

© 1996 Am. Astron. Soc. 2379
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extreme outbursts (large amplitude and long interoutburst
time scale) have sometimes been separated out as WZ Sge
stars (Bailey 1979), or as TOADs (Howell et al. 1995), al-
though arguments can be made as to whether these should be
a separate class of objects (O’Donoghue er al. 1991). Irre-
spective of the classification details, it is fundamental to un-
derstand the physical properties leading to the extreme
ranges. Observational data have shown that long quiescent
intervals are linked to long outburst lengths (Szkody & Mat-
tei 1984) and outburst instability calculations (Howell et al.
1995) have shown that the extreme amplitudes and long in-
tervals can only be produced in systems with very low-mass
transfer and viscosity values. Thus, these systems provide a
means to study the effects of accretion in its most extreme
mode. The study of white dwarfs that are apparent in systems
like U Gem (Kiplinger et al. 1991; Long et al. 1994) has
revealed that the white dwarf is affected by the outburst and
subsequently cools. The extreme duration of the outburst in
these special systems provides the ideal laboratory to pursue
the effect of this heating.

Of the roughly 40 SU UMa stars listed in Warner (1995),
there are only 5 (WZ Sge, WX Cet, LL And, SW UMa, and
HV Vir) that have timescales between outbursts of more than
3 yrs and corresponding outburst durations of more than 2
weeks. Of these, only WZ Sge has been closely followed
during its outburst (1978 Dec 1 after 32 yrs at quiescence)
and decline with IUE and optical spectra (Fabian er al. 1980;
Ortolani et al. 1980; Patterson et al. 1981; Holm 1988; Sz-
kody & Sion 1989). For WX Cet (a superoutburst after 26
yrs at quiescence), there are only IUE spectra at 14 days past
outburst (Downes 1990) and optical spectra from days 6—11
(O’Donoghue et al. 1991). Lastly, SW UMa has been ob-
served with IUE at days 5 and 9 in relatively short superout-
bursts after quiescent intervals of only 1 yr (Szkody er al.
1988; Howell et al. 1995). Thus, there is a lack of a good
database of what actually happens during the long outbursts
and decline of the extreme systems. This is especially frus-
trating since the results for WZ Sge have turned out to be so
intriguing.

While the optical flux of WZ Sge reached quiescence in 4
months, the UV flux decreased by an order of magnitude in 2
weeks but took more than 3 yrs to stabilize at a quiescent
value. Near outburst, the spectra were similar to optically
thick disks, but as the UV flux declined, a strong Ly « feature
appeared, as well as the H2 quasi-molecule at 1400 A, which
could be fit to white dwarf models. These fits showed a de-
creasing temperature of the white dwarf, which could be
modelled by equatorial accretion that included the angular
momentum of the accreted material (Sparks et al. 1993).

In order to further study these characteristics of the out-
burst and cooling of extreme systems like WZ Sge, we ob-
tained JUE and optical spectra during the first 3 weeks fol-
lowing the outburst of AL Com. We compare its UV and
optical spectra to those available for WZ Sge, WX Cet, and
SW UMa. Table 1 summarizes how the basic properties of
AL Com compare to those for other dwarf novae and to the
3 systems mentioned above.
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TABLE 1. Comparison of normal and extreme dwarf novae.

Object Orb P (hr) Out P Out Amp (mag)
U Gem® 3.7-137.1 14-300 d 3.7x1.0

Z Cam® 3.6-9.1 13-27d 3.5%1.0
SU UMa* 14-2.8 45-500 d 50%x1.2
AL Com 1.36 1-20 yr 8.2

WZ Sge 1.36 33 yr 7.7

WX Cet 1.32 3-26 yr 8.0

SW UMa 1.36 1-4 yr 9.5

Notes to TABLE 1

*The range of characteristics for the whole category of this type of dwarf
nova as compiled from the tables in Warner 1995.

2. OBSERVATIONS

Optical spectra were obtained using the facilities at CTIO,
APO, and MDM from 3 to 21 days following the outburst
peak.

The APO data were obtained on the 3.5 m telescope with
the double imaging spectrograph (DIS), which uses a 512
X 512 UV-coated Tek CCD in the blue (1.09"/pixel in imag-
ing mode) and an 800X 800 TI CCD in the red (0.61"/pixel
in imaging mode). In spectroscopic mode, a 1.5" slit was
used with a medium resolution pair of gratings on April 12
(830.8/1200 lines/mm in the blue and red, respectively, giv-
ing a resolution of 2-3 A over the regions 4300-5100 and
5800-6800 A), and with a lower resolution pair of gratings
on April 26 (150/300 lines/mm with a resolution of about 12
A) over the region from 3900-9000 A. On April 12, spectra
were obtained over a 1.75 hr interval in order to search for
radial velocity variations, but lack of a guider and poor tele-
scope tracking, combined with refraction effects, resulted in
large light losses, especially in the blue portion of the spec-
tra, for many of the spectra.

The MDM data were obtained on the 2.4 m Hiltner tele-
scope with the Modular spectrograph, using a 600 lines
mm~! grating (4300—6900 A; 1.2 A/pixel), a 1.2" slit and a
Loral 20482048 CCD. In all cases, multiple (3 or 4) sepa-
rate exposures were co-added into a final spectrum.

The CTIO data were taken on the 1.5 m telescope with the
Cassegrain Spectrograph, using a GEC CCD, a 300 lines
mm~! grating, and a 3" slit, resulting in coverage from 4650
to 7100 A, with a resolution of about 8.4 A.

All optical data were reduced using IRAF software to
extract the spectrum, subtract sky and calibrate the wave-

TABLE 2. Spectra of AL Com.

1995 Date  Obs  Start UT Exp(min) V mag Days past outburst

April 9 CTIO 4:08 10 12.8 3
April 10 CTIO 3:30 10 12.9 4
April 12 APO 6:52 13x6.7 13.0 6
April 16 IVE 18:22 75 13.5 10
April 24 MDM 5:24 3x6.7 14.4 18
April 25 MDM 5:42 3x10 14.5 19
April 25 IUVE 22:48 110 14.5 19
April 26 APO 3:57 5 14.6 20
April 27 MDM 5:27 4x15 14.6 21
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length and flux scales from comparison lamp images and
spectrophotometric standards obtained on the same nights.
The IUE spectra were obtained in low resolution and with
the large aperture using the short wavelength camera on
1995 April 16 and 25. The April 16 exposure (SWP 54446)
was badly saturated in the region from 1650 to 2000 A, but
most of the shorter wavelengths were usable. The April 16
spectrum (SWP 54505) was a good exposure.
The observations are summarized in Table 2, while the
optical spectra are shown in Fig. 1 and the IUE spectra in
Fig. 2. Tables 3 and 4 summarize the line measurements.

3. OPTICAL RESULTS

As Table 3 and Fig. 1 show, the Balmer absorption lines
decrease in strength, with corresponding increase in Ha
emission and core emission within HB throughout the inter-
val from April 9 through 21. This behavior is typical of
dwarf novae during the transition from a hot, optically thick
disk at outburst to a quiescent state disk (Clarke ez al. 1984).
Unfortunately, the optical spectra for WX Cet and WZ Sge
are only described qualitatively in the literature, so only gen-
eral comparisons can be made. The AL Com spectra are
similar to that of WX Cet during its outburst after a 26 yr
interval of quiescence (O’Donoghue et al. 1991). There is no
evidence for the normal or inverse P Cygni profiles that were
observed for the HB and Hy lines in WZ Sge near outburst
(Gilliland & Kemper 1980). However, as the inverse P Cygni
profiles were only observed in WZ Sge for one day (22 days
after outburst), it is possible that this phase was missed in
AL Com due to the gap in optical coverage between day 6
and day 18 past outburst. Overall, there is less emission
present in AL Com than is evident for WZ Sge at compa-
rable stages past outburst. Ortolani ef al. (1980) describe de-
clining emission for WZ Sge during the first few weeks after
outburst, with Har, HB, and He 11 4686 in emission and the
He I and higher order Balmer lines in absorption during the
first week after outburst, followed by Hp in absorption the
following week until, by 3.5 weeks past outburst, Ha had
disappeared and the H and He I absorption had weakened. At
times, the spectra appeared basically featureless. This behav-
ior of weak lines is apparent in our spectra and in the time-
resolved data obtained on April 12, where the sharp cores
apparent in Fig. 1 disappeared from one spectrum to the
next.

Some of the effect of the lower emission line strength in
AL Com than WZ Sge may be due to a lower inclination of
AL Com, as a comparison of IUE spectra of dwarf novae at
different inclinations has shown that high inclination systems
have more prominent (or only) emission (La Dous 1993).
WZ Sge has a very short (less than 4 min), shallow (0.15
mag) eclipse resulting in an estimated inclination of 75°
(Gilliland et al. 1986). Since the best time-resolved data on
AL Com (Abbott ef al. 1992) has only 2—3 min time resolu-
tion, an eclipse like WZ Sge would not have been detected.
However, the long data strings of Abbott et al. (1992) rule
out the presence of deep eclipses of the white dwarf, and
hence, the inclination is likely to be <75°. A similar situa-
tion exists for WX Cet (Mennickent 1994). Since the WX

2382

Cet data over 6 days and our data over 18 days show little
spectral variation while the optical magnitudes declined by
1.0 and 1.8 mag, respectively, the implications are that the
optically emitting portions of the disk remain in a relatively
similar condition while the overall flux declines.

4. IUE DATA

The two IUE spectra, at 10 and 19 days past outburst,
show changes in both the continuum and lines. The first
spectrum has a relatively flat continuum (slope of log F vs
log N near 1) with weak absorption of Sii, C11, and Si IV,
and with C1v in weak emission (Table 4). Nine days later,
when the optical flux had dropped by a factor of 2.5, the flux
at 1900 A dropped by a factor of 1.7 and the flux at 1150 A
had decreased by a factor of 1.2. The overall continuum
slope of the IUE spectrum had steepened to ==—2.3.
While C1v changed to weak absorption and the other
absorption lines had weakened, a strong Lya absorption
feature appeared.

For comparison, the low resolution spectrum of WZ Sge
obtained 14 days past outburst is also shown in Fig. 2 and its
line measurements and those of WX Cet (Downes 1990) and
SW UMa (Szkody et al. 1988; Howell et al. 1995) are listed
in Table 4. As in the optical, the emission lines (of C 1v and
N V) in WZ Sge are stronger than for the other systems,
while AL Com has weaker lines. The most interesting
change concerns the broad Ly« absorption that becomes ap-
parent in the second spectrum of AL Com and the steeply
rising continuum blueward of Lya. In contrast, the 2 IUE
spectra of SW UMa at 5 and 9 days past outburst (Howell
et al. 1995) show a decreasing depth of Lya and a flatter
continuum as a function of time, WX Cet has only one mea-
surement at 14 days (showing Lya), while the broad Lya
absorption did not appear in WZ Sge until 7 months after
outburst (Holm 1988). However, there is no clear record of
the onset since WZ Sge was too close to the sun for IUE
observations from 1980 Jan to July (32—187 days after out-
burst). Since the Lya feature in WZ Sge is consistent with
the interpretation of an origin in the cooling white dwarf, it
could also be the explanation for the sudden appearance at
day 19 after the outburst of AL Com.

The e-folding time for the decline of the white dwarf tem-
perature after the pulse of accretion involved with a dwarf
nova outburst appears to roughly scale with the outburst du-
ration (Sion & Szkody 1990). Since the outburst of AL Com
lasted only half as long as in WZ Sge, we would expect that
the cooling would progress at a faster pace, if the response of
the white dwarfs to accretional heating is similar in the two
systems. Thus, the Ly« feature could be the first clue that the
inner disk was thinning out and the hot white dwarf was
evident. This explanation would fit in with the scenario pro-
posed to account for the outburst light curve (Howell et al.
1996) where there is a relatively slow decay for the first 3
weeks until a fast decay causes a cooling front to start, re-
sulting in a rapid evacuation of the hot disk and correspond-
ing optical decline. The fast optical drop actually occurs a
few days after the JUE observations, but the UV may be
revealing the inner disk changes first.
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FIG. 2. IUE spectra obtained at 10 (SWP 54446) and 19 (SWP 54505) days past outburst. SWP 54446 has been smoothed by 3 and most of the spectrum is
saturated longward of 1650A . A spectrum of WZ Sge obtained 14 days past outburst (SWP 3599) is shown for comparison.

To test this conjecture, we have carried out preliminary
synthetic disk and photosphere spectral fits to the JUE spec-
trum of AL Com obtained 19 days post outburst (SWP
54505). Due to the relatively low signal to noise of this spec-
trum, the absorption features due to transitions of metals are
only marginally identifiable. Our synthetic spectra were con-
structed with the codes TLUSTY, SYNSPEC, and DISKSYN
(Hubeny et al. 1994). Three models with T.;=30,000,
25,000, and 20,000 K, each with log g=8 and solar abun-
dances, were compared with the IUE data. The La profiles
of the models at T.=30,000 K and T.;=20,000 K are,

repectively, far too narrow and far too broad compared to the
observed profile. The model with T.;=25,000 K agrees very
well with the width of the observed profile and with the
observed continuum slope (Fig. 3). There is some evidence
for Si m (1300 A), Si1v (1393,1402 A), Si i (1260,1265 A),
C 1 (1335 A), and C 1v (1550 A) absorption in the data, all
of which are also present in the 25,000 K solar composition
model. However, the synthetic SiIl lines are much deeper
than observed, while the observed Si 1V is stronger than the
model predicts. Of course, since a single temperature white
dwarf synthetic spectrum was used in our preliminary fits,
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TaBLE 3. Equivalent widths of Balmer lines. TABLE 4. Equivalent widths of JUE lines.
Line April Date Object SWP Sim Cun Siwv Civ Days®  Slope®
9 10 12 24 25 26 27
AL Com 54465 19 31 26 3.9em 10/60 - 1.0
Hp abs 3.7 29 2.8 2.4 1.5 1.3 0.7 AL Com 54505 17 15 26 23 19/60 -23
Ha em 0.5 1.1 0.4 23 1.5 - 22 WZ Sge 3599 85 1.6 33 13.6em 14/120 -2.0
WX Cet® 36511 34 0.6 63 65(0.6em) 14/21-70 —2.2
SW UMa?! 44266 38 21 30 1.4(1.9em) 9/14 -2.0

the photospheric properties should be viewed as being ‘‘av-
erage’’ since the white dwarf may be hotter in the equatorial
region where the disk matter first accretes tangentially.
Moreover, the silicon line strengths may manifest an abun-
dance gradient with latitude with equatorial abundances from
the freshly accreted matter being different from the abun-
dances at higher latitudes. However, without higher signal-
to-noise spectra, we cannot carry out a detailed composite
spectral analysis with the inclusion of an accretion belt
and/or inner disk contribution.

As a check on the white dwarf interpretation, we used the
normalization between the model and observed flux, and as-
sumed a reasonable white dwarf to calculate a distance (d% =
47r*/norm). For a normalization of 2.7X10™2% at 1450 A
and a 0.6 Mg white dwarf having T.=25,000 K and radius
of 7X 10® cm, the white dwarf would have a distance of 155
pc and an observed V mag of 16.0. The error bar on our
distance from the temperature fits alone is on the order of 60
pe. Our value for the distance is comparable to that deter-

Notes to TABLE 4

Days past outburst/Total length of optical outburst.

®Continuum slope between 1200 and 2000 A for log F vs log \.
“Values taken from Downes 1990.

4Values taken from Howell ez al. 1995.

mined by Sproats et al. (1996) from fitting a secondary to the
observed K band magnitudes (190-260 pc). The observed V
mag of 14.5 at the time of the IUE spectrum would also
mean that the accretion disk can dominate the optical flux (to
account for the superhumps that are still apparent on the 25th
of April; Pych & Olech 1995; Howell et al. 1996). In addi-
tion, since we know the quiescent V mag and since, as in WZ
Sge, the available quiescent spectrum does not show a domi-
nant H absorption feature from the white dwarf around Ha
(Mukai et al. 1990), we can make some estimate of the
changes to this white dwarf fit that would be needed to be
compatible with AL Com at quiescence. If the white dwarf at

2e-013 +

1e~013

FLUX

5e-014

0e+000 = L

—AL Com

---- 308 IUE

258 IUE
208 IUE

1200 1300

1400 1500

WAVELENGTH

F1G. 3. The fits of the Hubeny models with log g=8 and T of 30,000 K (308), 25,000 K (258), and 20,000 K (208) to SWP 54505.
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quiescence contributes about half the V flux, it would have a
V mag of about 20.7 (M, of 14.7) and would have to cool
from 25,000 to 9000 K to account for this difference, or
undergo a temperature change from 25,000 to 15,000 K (the
white dwarf temperature of WZ Sge at quiescence) with an
accompanying radius decrease of the hot zone by about 30%.
These are all reasonable numbers for the temperatures of
white dwarfs in cataclysmic variables (Sion 1991).

Since Lya can also be produced by the accretion disk, we
also made a preliminary comparison between the same IUE
spectrum and a synthetic spectrum of a steady-state accretion
disk with a mass transfer rate of 3X 107° Mg yr™!, a white
dwarf mass of 0.6 Mg, and a disk inclination of 60°. This fit
produced poor agreement with the JUE data primarily be-
cause the disk Ly« profile was too narrow, the continuum
shortward of 1550 A was too steep (compared with the much
flatter observed continuum between 1550 A and the Lya
turnover), and the absorption features of the metals were too
broad to satisfactorily match the observed spectrum. Since an
accretion disk model is dependent on many parameters, in-
cluding how to treat viscosity, irradiation, opacities, etc.
(Hubeny 1991), this poor fit does not rule out the possibility
of some type of accretion disk producing the UV spectrum,
however it would mean that the disk in AL Com is different
than in other outbursting dwarf novae like Z Cam or nova-
likes like IX Vel which do give reasonable fits with models
of this type (Long et al. 1991, 1994b). Thus, the lack of
Lya absorption in the first JUE spectrum (SWP 54446),
when the accretion disk should also be present, and the better
fit with the white dwarf model leads us to favor the interpre-
tation that the Lya region at 19 days past outburst is domi-
nated by a hot white dwarf, and the inner part of the accre-
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tion disk is thinning out by accreting or being evaporated
(Liu et al. 1995).

5. CONCLUSIONS

Optical and IUE spectra of AL Com obtained during the
first 3 weeks following a long outburst show only weak ab-
sorption lines, in comparison to the emission and P Cygni
profiles apparent in WZ Sge following its long outburst. By
the 19th day past outburst, a strong Ly« feature was appar-
ent. Fitting this spectrum with white dwarf and disk models
results in a better fit for a 25,000 K white dwarf, although
there is disagreement between the observed and theoretical
strengths of Si1I and Si IV absorption lines. The narrowness
of the metallic absorption strongly suggests formation in the
accreted atmosphere of the white dwarf in the system. Fur-
ther observations of the UV flux decline can be used to de-
termine the type of accretion occurring at outburst, as was
done for WZ Sge following its long outburst (Sparks et al.
1993). Confirmation of the temperature and contribution of
the underlying white dwarf can be provided by UV observa-
tions with a more sensitive satellite than JUE when AL Com
is far from outburst.
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