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Tim ee resolve d spectroscop y of the dwar f nov a VY 
Aquari ii  in superoutburs t and quiescenc e 

T.. Augusteijn 
AstronomyAstronomy & Astrophysics in press (1994) 

Abstrac t t 

Timee resolved spectroscopy is presented of the SU UMa type dwarf nova VY 
Aqrr in superoutburst and quiescence. From the radial velocity variations found in 
outburstt I derive on the basis of the value for the superhump period an orbital period 
off  0.06348(12) days (or possibly 0.06787(13) days). The radial-velocity amplitude is 
29(5)) km/s. In the outburst spectra taken ~5 days after maximum light evidence is 
foundd for the presence of a blue shifted narrow emission component superposed on 
thee broad absorption lines, which is not found in spectra taken 2 nights later. Also 
aa change of ~150 km/s in the system velocity is found over these 2 nights. 

Usingg various observational constraints I derive q = M\VD/MR D ~8-10 and 
tt ~30-40°. The orbital period and mass ratio of VY Aqr are very similar to those of 
thee well known SU UMa type dwarf nova OY Car. However, the amplitudes of the 
outburstt in VY Aqr are ~3 magnitude larger than those of OY Car. I argue that 
thiss is due to a lower mass transfer rate during quiescence in VY Aqr compared to 
OYY Car, which results in VY Aqr being relatively fainter in quiescence. 

7.11 Introductio n 

Thee spectra of dwarf novae in quiescence are characterized by fairly strong H Balmer and 
Hee I emission lines. Occasionally, lines of Hell, Call, Fell, etc. can also be seen. The Balmer 
decrementt generally is very flat. The emission lines appear in many objects to be double-peaked, 
withh a separation between the two peaks of ~500-1000 km/s. The line wings generally extend to 
1000-30000 km/s. All dwarf novae which show eclipses also show double-peaked emission lines, 
butt many others do as well. 

Duringg outbursts the spectrum generally shows the same lines, but now in absorption. These 
absorptionn lines are very wide, extending over several thousand km/s, with a relatively narrow 
emissionn component in the line center. During the decline from an outburst the emission cores 
groww while the absorption gradually fades. At the bright stages of the outburst the emission 
liness are considerably narrower than during quiescence. 
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V YY Aquarii was originally believed to be a classical nova (Payne-Gaposchkin 1957) after the 
detect ionn of a single outburst on an archival photographic p late taken in 1907 (Ross 1925). The 
detect ionn of a second erupt ion (in order of discovery) in 1962 (Strohmeier 1962) indicated that 
thee source is a recurrent nova. However, the detection of many more outbursts in recent years 
andd several outbursts on archival plates showed that V Y Aqr is a dwarf nova (Delia Valle and 
Augustei jnn 1991; Pat terson et al. 1993 and references therein). The detection of "superhumps" 
byy Bond and Grauer (as referenced in Warner and Livi o 1987) during the 1986 outburst firmly 
establ ishedd that VY Aqr is a SU UMa type system (see, e.g., Warner 1985). 

I nn this paper I present t ime resolved spectroscopy of VY Aqr during the 1990 superoutburst, 
andd during quiescence (see also Augusteijn and Delia Valle 1990, Delia Valle and Augusteijn 
19911 and Augustei jn 1993). The details of the observations are given in Sect. 7.2. The analysis 
off  the outburst and quiescent spectra are presented in Sect. 7.3 and 7.4, respectively. System 
parameterss are derived in Sect. 7.5 and the results are discussed in Sect. 7.6. 

7.22 Observations 

Thee 1990 superoutburst of VY Aqr was discovered by several amateur astronomers on June 30.75 
U TT (see IAU C 5046). VY Aqr was observed on July 4 and 6 1990 with the ESO 1.5m telescope 
equippedd with the Boiler and Chivens spectrograph and an RCA CCD with 1024x640 pixels of 
155 ftm. A grat ing with 600 grooves per mm was used in second order giving a dispersion of 66 
AA m m - 1 . The spectra cover the range 4050-5040 A. A slit width of 1.5" was used throughout 
thee observations which resulted in a resolution of 2.5A (as determined from the F W HM of the 
liness in the Helium-Argon cal ibration spectra). On July 4 a total of 33 spectra were obtained 
wi t hh an integrat ion t ime of 2m between 8:49 and 10:25 UT. A further 21 spectra were obtained 
onn July 6 with an integrat ion t ime of 5m between 8:22 and 10:29 UT. 

Alsoo several spectra were obtained during quiescence. One spectrum was taken on November 
77 1990 with the E S O / M PE 2.2m telescope equipped with the Boiler and Chivens spectrograph 
andd an RCA CCD with 1024x640 pixels of 15 (ITCL. A grat ing with 300 grooves per mm was used 
inn first order giving a dispersion of 224 A m m - 1 . The exposure was started on 0:42 UT and 
lastedd 90m. The spectrum covered the range 3810-7160 A. A slit width of 1.5" was used which 
resul tedd in a resolution of 8.2 A. A series of 13 spectra were obtained on July 10 1991 with the 
ESOO 3.6m telescope and EFOSC and a similar RCA CCD. A grism was used which covers the 
rangee 3600-5590 A with a dispersion of 120 A m m - 1 . The spectra were obtained between 8:10 
andd 10:40 UT with an integrat ion time of 10m. A slit width of 1.5" was used which resulted in 
aa resolution of 9.8 A. 

Al ll  the da ta were reduced using standard routines to subtract the bias, divide by the flat field 
andd extract the spectra. Wavelength calibration was obtained by interpolating between Helium-
Argonn calibration spectra taken just before, in between and /or just after the star spectra were 
taken.. Flux calibration was obtained by observing standard stars in the different spectral ranges. 
Thee spectra have also been corrected for atmospheric extinction by using the standard extinction 
curvee for the La Silla observatory. 

7.33 The outburst spectra 

7.3.11 Br ightness variat ion s 

I nn Fig. 7.1 I present the average flux cal ibrated spectra for the July 4 and 6 observations, 
respectively.. The wide H Balmer and He I absorpt ion lines seen in the spectra are very typical for 

dwarff  novae in outburst (see, e.g., La Dous 1990). The two average spectra have been plot ted on 

thee same flux scale, and the difference between them indicates a decrease in brightness of ~0 .4 
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Figuree 7.1. The average flux cal-
ibratedd spectra of VY Aqr during 
thee July 4 (upper curve) and July 
66 1990 (lower curve) observations 

F iguree 7.2. The total intensity in 
eachh individual spectrum divided 
byy the total intensity in the average 
spectrumm of each night as function 
off  Heliocentric Julian date for the 
Julyy 4 (top) and July 6 1990 (bot-
tom)) observations 

magg in the two days between the observations. This is in fairly good agreement with the decline 
seenn in the photometr ic observations (Delia Valle and Augusteijn 1991). Absolute photometry 
extractedd from spectroscopic observations is generally not very accurate, but relative brightness 
variationss might still be detectable. As the weather was photometr ic and very stable throughout 
thee observations I have looked if photometr ic variability could be detected. The total intensity in 
eachh individual spectrum was determined by summing the observed flux over the whole spectral 
rangee observed. These results were then normalized to the total intensity observed in the average 
spectrumm of each night separately. The results are shown in Fig. 7.2. 

I nn Fig. 7.2 variations of ~0.15 mag full ampl i tude can be seen during bo th nights. The 
shapee and ampl i tude of these light curves are remarkably similar to the photometr ic light curves 
observedd during the 1986 superoutburst (see Pat terson et al. 1993; their Fig. 7). The relatively 
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F iguree 7.3. The average normal-
izedd spectra per night of the July 
44 (upper cuive) and July 6 1990 
(middlee curve) in the spectral range 
4234-49700 A. The latter spectrum 
hass been shifted downward by 0.05 
units.. The lower curve is the dif-
ferencee between the spectra of each 
nightt averaged over one orbital pe-
riod,riod, and the curve for July 6 ob-
servationss have been shifted 153 km 
s- 11 to the red (see text). This curve 
wass shifted upward by 0.7 units 

smalll  spread of the individual points around the average light curve also indicates that the 
~0 .155 mag variat ion is intrinsic to the source. From Fig. 7.2 I derive times of max imum light 
att H JD 2448076.890(3) and 2448078.890(2) for the July 4 and 6 observations, respectively. The 
distancee in t ime between these two maxima is consistent with the value of 0.06436 days for the 
superhumpp period during the 1986 superoutburst favoured by Pat terson et al. (1993; the less 
likelyy alternative period of 0.06880 days is also consistent with this distance). From the resulting 
cyclee count a superhump period of 0.06452(13) days (or possibly 0.06897(14) days) is derived 
forr the 1990 superoutburst. 

Thee overall shape of the photometric light curve, and the length of the 1990 outburst of VY 
Aqrr (see, e.g., Delia Valle and Augusteijn 1991) already suggested that this part icular outburst 
wass a superoutburst. The detection of brightness variations consistent with the superhump 
per iodd supports this view. 

II  also looked for variations in the equivalent widths (EWs) of the different lines within 
eachh night. No variations were found for any of the lines. The average values for each night 
separatelyy are l isted in Table 7.1. The errors listed in this table are the errors in the mean of 
alll  the measurements in that night. The blends of H7 and He I 4388 A. and H/3 and He I 4922 
AA were measured together. From Table 7.1 it can be seen that the EWs of the Balmer lines and 
thee He I Unes show a slight increase going from the July 4 to the July 6 observations, whilst the 
EWW of the Hell 4686 A line shows a decrease. 

Tablee 7.1 The equivalent width of the absorption lines during outburst 

Line(s) ) 

H77 + Hei 
Hee I 4471 
Helll  4686 
H/33 + Hei 

4388 8 

4922 2 

EW(A)1 1 

Julyy 4 Obs. 

8.066  0.14 
1.399  0.05 
0.677  0.06 
5.977  0.10 

Julyy 6 Obs. 

8.911  0.13 
1.577  0.04 
0.366  0.06 
7.211  0.10 

11 The errors are the errors in the mean 
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7.3.22 Radial velocity variations from Gaussian fit s 

Too look for radial-velocity variations several methods were used. The first step was to normalize 
thee spectra. This was done by dividing each spectrum by a 4 -order polynomial fit to the 
continuum,, i.e. excluding the absorption lines. In Fig. 7.3 I present the average normalized 
spectrumm for the July 4 (top), and the July 6 observations (middle). The latter spectrum is 
shiftedd downward by 0.05 units. The spectra cover only the interval 4234-4970 A as the broad 
absorptionn lines (of US and Hei 5018A) at the extreme ends of the observed spectral range (see 
Fig.. 7.1) prevent a proper determination of the continuum in these wavelength regions. 

Theree are two main problems with determining reliable radial velocities from these spectra. 
Inn the first place most lines, in particular the strongest absorption lines, are blended. Secondly 
aa clearly variable emission component is present in the core of the absorption lines (although 
thee strength of this component is fairly small when compared to other dwarf novae in outburst; 
see,, e.g., Szkody, Piché and Feinswog 1990). Furthermore, there is a change in the overall shape 
off  the lines between the July 4 and July 6 observations (see the lower curve in Fig. 7.3; this wil l 
bee discussed in more detail below). 

Ass a result of these problems it is not easy to determine (variations in) the radial velocities 
inn a simple way. The one thing that potentially has the strongest effect on both the amplitude 
andd phasing of any variation in the spectra, is the presence of emission in the line cores. There 
iss no a priori  reason to believe that they are in phase with or have the same amplitude as 
radiall  velocity variations of the absorption component of the lines (see, e.g., Szkody, Piché and 
Feinswogg 1990). I attempted to correct for this possible effect by simply excluding the emission 
cores.. The extent of the emission core was determined by examining the individual spectra and 
determiningg by eye over which range variations in the emission component of the line profiles 
couldd be detected. In this way I excluded the emission cores of the H7 line (4326-4353 A), 
thee He I 4471 A line (4458-4481 A), and the H/3 (4842-4875 A) line. The line cores were only 
excludedd for these lines as it was found that for the other (weaker) Unes it was impossible to 
determinee the extent of the emission core in the line profile in a reliable way. 

Although,, as discussed above, the line profiles are fairly complicated I first attempted to do 
Gaussiann fits to the different lines. The best fits, in particular to the steep parts of the stronger 
hydrogenn lines, were obtain by fitting the Hy/Hei 4388 A and H/3/Hei 4922 A blends with a 
singlee Gaussian. As expected the largest differences between the fits including or excluding the 
emissionn cores occurred for the July 4 observations, with significant changes in the measured 
velocities.. For these observations significant variations were found in the velocities derived from 
thee fits including the emission cores. However, when the emission cores were excluded the 
significancee of the variations was strongly reduced. For the July 6 observations no significant 
variationss were found, independent of whether the emission cores were included or not. 

7.3.33 Radial velocity variations from cross correlations 

Anyy radial-velocity variation is most easily seen in shifts of the steep parts of the line profiles. 
Thee main problem with fitting Gaussians to the line profiles seems to be that the lines are blended 
withh weaker lines. This makes the line profiles asymmetric and might result in a relatively poor 
andd uncertain fit to the steep part of the lines. I, therefore, also attempted to look for variations 
byy cross correlating the individual spectra excluding the emission cores. 

Ass the average spectra of the July 4 and July 6 observations are quite different I used the 
averagee for each night as template for the spectra taken during that night. The minimum value 
inn each cross correlation curve was determined by fitting a 3rd-order polynomial to the five lowest 
points.. Significant variations are found in both nights. In Fig. 7.4 I present a power spectrum 
off  the resulting shifts from the two nights taken together. Also indicated in this figure is the 
frequencyy (»>SH) corresponding to the most likely value of the superhump period (Patterson et 
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144 15 16 
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Figuree 7.4. The power spectrum 
off  the shifts of the individual spec-
traa with respect to the average 
spectrumm in each night. The line 
coress were excluded. The line la-
belledd ysH indicates the frequency 
att which the photometric super-
humpp variations occur 

al.. 1993; the frequency of the least likely al ternat ive for the superhump period can be obtained 
byy subtract ing 1 cy/day from i/sn)-

I tt is clear from Fig. 7.4 that one cannot decide which is the correct period on the basis 
off  the power spectrum alone. However, it is also clear that radial-velocity variations occur 
wi t hh a period different from the superhump period. This is commonly found in radial-velocity 
var iat ionss of SU UM a stars in quiescence (see, e.g., La Dous 1990, and references therein). The 
per iodss determined from these radial velocity variations are always a few percent shorter than 
thee superhump period, and are identified with the orbital period of these systems (actually this 
iss a denning characteristic of SU UM a type dwarf novae). The difference between the orbital and 
superhumpp period in other SU UMa stars with periods in the range 80-120 min is 1-4% (see, 
e.g.,, Lemm et al. 1993). Only a period for the radial velocity variations corresponding to the 
peakk just to the right of the line indicating the superhump frequency gives a period difference 
consistentt with the observed range. I, therefore, identify this peak with radial-velocity variations 
att the orbital period of VY Aqr. Sine fits, with the period fixed to the value derived from the 
powerr spectrum, to the data from each night separately gave consistent values of the ampl i tude 
off  the radial velocity curves. 

Too check this result the cross correlation was also done in several other ways. To see what 
thee effect was of excluding the line cores I also applied the cross correlation technique to the 
spect raa including the line cores. The resulting shifts gave practically the same power spectrum 
ass t hat seen in Fig. 7.4. Also the amplitude and phasing of sine fits to the shifts are nearly the 
samee as those obtained when the line cores were excluded, and are consistent within their errors. 
Thiss indicates that the contr ibut ion of the emission cores to the radial velocity determined from 
crosss correlating the spectra is only minor. A further check was made by dividing the spectra 
i nn two parts (4234-4602 A and 4602-4970 A) and cross correlating these separately. Again the 
resul tss are consistent within the errors. 

AA final problem in the determination of the ampl i tude of the radial-velocity curves might 
bee that the average spectrum in each night was used as template. This means that the noise 
i nn each spectrum is correlated, to some extent, with the noise in the template spectrum (see 
Vann Kerkwijk et al. 1993). Although each template spectrum is the average of a fairly large 
numberr of spectra this effect still might be important as the ampl i tude of the variations is quite 
smal l.. To check this I performed the cross correlation of the spectra with the emission cores 
excludedd and used the average spectrum from one night as template for the spectra from the 
otherr night. Again the phasing and amplitude of the radial velocity variations in the two nights 
weree consistent with the previous values. 

Thee period was determined by taking the t imes of superior conjunction in each night (deter-
minedd from a sine fit wi th a fixed period determined from the power spectrum) and taking an 
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Figuree 7.5. The radial velocity 
curvee of the outburst spectra as 
determinedd from the cross corre-
lationn of the spectra in one night 
withh respect to the average spec-
trumm in the other night folded with 
aa period of 0.06348 days. The 
linee cores of the H/3, H7 and 
Hee I lines were excluded (see text). 
Phasee zero corresponds to superior 
conjunctionn which occurs at HJD 
2448076.8766(17).. Crosses corre-
spondd to the July 4 observations, 
andd circles to the July 6 observa-
tions.. A sine fit to the data is also 
shown.. The data are shown twice 
forr clarity 

integrall  number of cycles between them. The ampl i tude was determined by subtract ing from 
eachh night the gamma velocity determined from the sine fit , and fittin g a sine curve to the com-
binedd data. In this way I derive a period of 0.06348(12) days, and a radial velocity ampl i tude of 
29(5)) k m / s. Superior conjunction occurs at HJD 2448076.8766(17). The radial velocity curve 
iss shown in Fig. 7.5. In this figure the crosses correspond to the July 4 observations, and the 
circless to the July 6 observations. The sine fit to the data is also shown in the figure. 

Iff  I assume that the superhump period is the less likely alternative of 0.06880 days, i.e. the 1 
cy/dayy alias of the 0.06436 days period favoured by Pat terson et al. (1993), the corresponding 
orbitall  period would then be the 1 cy/day alias of the orbital period derived above. In the same 
wayy as described above I then derive an orbital period of 0.06787(13) days, a radial velocity 
ampl i tudee of 30(4) k m / s, and superior conjunction occurs at HJD 2448076.8751(17). 

7.3.44 Variation s of th e sys tem veloci ty 

Fromm the cross correlation of the spectra from one night with the average spectrum of the other 
nightt I noticed a difference of ~150 k m /s in the shifts with respect to the shifts obtained from 
thee cross correlations of the spectra with the average spectrum in the same night. The average 
valuee of this shift was determined by cross correlating the average spectrum from the July 4 
observationss with the average spectrum from the July 6 observations. To exclude variations 
wit hh the orbital period the spectra in each night were averaged over one orbital period. The 
emissionn cores of the absorption lines were excluded. A blue shift of 153 k m /s was found for the 
Julyy 6 observations with respect to the July 4 observations. To check this result I determined 
thee difference in system velocity derived from single Gaussian fits to the H 7 / H el 4388 A, and 
H/3/Hell  4922 A blends, and the He I 4471 A line in the spectrum averaged over one orbital 
periodd in each night with the line cores excluded. The derived shifts were 192(16), 138(10), and 
207(52)) k m / s, respectively. These values are consistent with the shift determined from cross 
correlatingg the spectra. The error-weighted average of the shifts determined from the Gaussian 
fitsfits is 155(8) k m / s. 

Variationss of the system velocity have also been found for TU Men (Stolz and Schoembs 
1984),, Z Cha (Honey et al 1988) and TY PsA (Warner, O'Donoghue and Wargau 1989) during 
superoutburst,, and have been explained with the "precessing eccentric disk" model of Whitehurst 
(1988)) for superhumps. The system velocity is expected to vary with the precession period of the 

11 1.5 

^0.063488 day 
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disk,, which is equal to the beat period between the superhump period and the orbital period. For 
VYY Aqr the expected precession period of the disk is ~4 days. The velocity difference derived 
abovee is, therefore, a good lower limi t to the full amplitude of the variation in the system velocity 
off  VY Aqr. For TU Men Stolz and Schoembs (1984) derived a full amplitude of ~560 km/s, 
forr Z Cha Honey et al. (1988) derived ~160 km/s, and for TY PsA Warner, O'Donoghue and 
Wargauu (1989) derived ~600 km/s. 

7.3.55 The emission component in the broad absorption lines 

Ass I already mentioned before there is a clear difference in the line profiles in the two nights. 
Lookingg at the two average spectra presented in Fig. 7.3 it seems that during the July 4 
observationss there is an extra blue shifted emission component present which is superposed on 
topp of a more or less symmetric absorption line profile as seen in the July 6 observations. This 
iss best seen by looking at the relative strong asymmetry of the bottom part of the absorption 
linee profiles seen in the average spectrum of the July 4 observations compared to the average 
spectrumm of the July 6 observations. 

II  attempted to extract this emission component by subtracting a Gaussian fit to the absorp-
tionn lines excluding the emission core. However, the resulting line profiles are very complicated 
duee to the presence of other, more centrally placed, emission components, which can also be seen 
inn the average spectrum of the July 6 observations. I, therefore, decided to use the spectrum 
off  the July 6 observations as an approximation of the spectrum, underlying the extra emission 
componentt in an attempt to also correct for these central emission components. To do this the 
spectraa in each night were averaged over one orbital period, and a red shift of 153 km/s was 
appliedd to the average spectrum for the July 6 observations (see above). This spectrum was 
thenn subtracted from the average spectrum of the July 4 observations. The result is presented 
ass the lower curve in Fig. 7.3, and shows two clear blue shifted emission lines for H7 and H/3. 
Fromm Gaussian fits to these lines I derive velocities of -583(34) km/s and -401(19) km/s, with 
respectt to the rest wavelength of these lines, and FWHM of 16(1) and 14(1) A, for H7 and 
H/3,, respectively. This method is admittedly very crude, which might possibly explain why the 
velocitiess appear discrepant. 

II  also looked for radial velocity variations in these emission components by subtracting the 
averagee curve for the July 6 observations from the individual spectra of the July 4 observations. 
II  find in most cases values of the velocity and the FWHM of the emission components which are 
consistentt with the values given above. There is no evidence for radial velocity variations with 
thee orbital period. 

7.44 The quiescence spectra 

7.4.11 Absorption components 

Inn Fig. 7.6 I present the November 7, 1990 spectrum of VY Aqr in quiescence. The double-
peakedd emission lines are very common in dwarf novae in quiescence (see, e.g., La Dous 1990). 
However,, the H Balmer lines, in particular H/3, H7 and H5, also show a very wide absorption 
componentt underlying the emission lines. These absorption features have been seen in only a 
smalll  number of dwarf novae, and are thought to arise in the white dwarf primary. 

Thee H Balmer, He I, Call and Fe II emission lines seen in the spectrum shown in Fig. 7.6 are 
typicall  for dwarf novae below the period gap (see, e.g., Shafter and Szkody 1984, Thorstensen, 
Wadee and Oke 1986, Shafter, Szkody and Thorstensen 1986, Szkody 1987, Marsh, Home and 
Shipmann 1987 and Shafter and Hessman 1988), and the spectrum looks remarkably similar to 
thee quiescent spectrum of OY Car (Hessman et al. 1989; their Fig. 1), which is also a SU UMa 
typee dwarf nova and has an orbital period of 0.063121 days, nearly equal to the most likely 
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Figuree 7.6. The November 7, 1990 spectrum of VY Aqi in quiescence. The spectrum 
coverss the range 3810-7160 A at a resolution of 8.2 A The exposure time was 90m 

valuee for the orbital period of VY Aqr. The main difference between the two spectra is the 
depthh of the min imum between the two peaks of the emission lines. In OY Car this is very deep, 
extendingg below the cont inuum level for H7 and higher Balmer series members, whilst in VY 
Aqrr it is only just visible. Par t, but not all, of this difference can be explained by the higher 
resolutionn of the OY Car spectrum presented by Hessman et al. (1989). 

OYY Car is known to show total eclipses, and the inclination angle of this system is very well 
constrainedd to be 83.3(2)° (Wood et al. 1989). If the emission lines are optically thick, as is 
thoughtt to be the case for dwarf novae in quiescence, the central min ima in the emission lines 
aree expected to decrease in strength with decreasing inclination (see, e.g., Home and Marsh 
1986).. The difference between the two spectra can then be understood as the result of a lower 
inclinationn angle of VY Aqr compared to that of OY Car. I wil l discuss this in some more detail 
inn Sect. 7.5. 

Thee best way to determine the radial velocity curve of the white dwarf is to measure directly 
thee velocity variations of the wide absorption lines from the white dwarf. To determine these 
radiall  velocities I fitted a "V-shaped" profile to those parts of the absorption lines of the H7 
andd H/3 lines not contaminated by (other) emission lines (the same technique was also used by 
Hessmannn et al. 1989 for OY Car). However, as can be seen in Fig. 7.7 presented below the 
noisee level in those par ts of the line profile is quite high, and I was only able to obtain a 3-<r 
upperr l imi t of 420 k m /s to radial velocity variations at the expected period. 

7.4.22 Emission lines 

Thee 13 spectra covering the range 3600-5590 A obtained on July 10 1991 look very similar 
too the same part of the spectrum presented in Fig. 7.6. Before analyzing the spectra, they were 
normalizedd by dividing them by a 2nd-order polynomial fit  to the continuum in the wavelength 
regionss 4180-4205, 4600-4660 and 5060-5130 A. To look for periodic variations in the data I 
performedd single Gaussian fits to the emission lines. Power spectra were made of the derived 
velocitiess for each line separately to search for the presence of any periodicity. Significant 
variationss were found for H£, H7, H/3, and He I 4471 A. The period found for each line was 
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Figur ee 7.7. The region around 
H77 and He I 4471 A normalized to 
thee continuum for the 13 spectra of 
VYY Aqi in quiescence obtained on 
Julyy 10, 1991. The spectra have a 
resolutionn of 9.8 A. The first spec-
trumm is shown at the top shifted 
upwardd by 12.0 units, each subse-
quentt spectrum is shifted upward 
byy 1.0 units less. The time between 
subsequentt spectra is —12.5m. The 
spectraa span 1.65 times the orbital 
period d 

43000 4400 4500 

Wavelengthh (&) 

consistentt wi t h the value of the orbital period derived in the previous section. The error-
weightedd average of these periods is 0.0636(46) days. For the remainder of this section I wil l 
adoptt the period of 0.06348 days derived for the outburst spectra. 

I nn Fig. 7.7 the region around H7 and He I 4471 A is shown for all 13 normalized spectra. 
Thee first spectrum is shown at the top shifted upward by 12.0 units, each subsequent spectrum 
iss shifted upward by 1.0 uni ts less. The spectra span, from top to bo t tom, 1.65 orbital period. 
Clearr variations in the strength and shape can be seen in both lines. This complex structure of 
thee emission lines, with varying strength of the two peaks and the varying depth of the central 
m in imumm in each line, has been seen in many dwarf nova. Generally this is thought to be the 
resultt of a narrow emission component moving through the line profile, which originates in the 
hott spot at the outer disk and reflects its radial velocity variations. Such a narrow component 
seemss to be very prominent in the He I 4471 A line. It is clear that the radial velocity ampli tudes 
derivedd from fittin g the entire line wil l be distorted and not reflect the mot ion of the white dwarf. 

AA method commonly used to derive the radial velocity curve of the white dwarf is to measure 
onlyy the line wings of the emission lines, which are predominantly formed in the inner region of 
thee accretion disk, and are believed to be less distorted. To measure the (emission) line wings 
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F iguree 7.8. The "diagnostic" dia-
gramm (see text) of the double Gaus-
siann convolution technique for the 
H77 line in the 13 quiescence spec-
tra.. Shown from top to bottom as 
functionn of the separation a of the 
twoo Gaussians are the radial veloc-
ityy amplitude K, its associated er-
rorr <TK/K, the system velocity 7, 
andd the phase of superior conjunc-
tionn with respect to superior con-
junctionn for the H/3 line wings 

10000 1500 2000 2500 3000 

aa (km/s) 

II  used the double Gaussian convolution technique introduced by Schneider and Young (1980, 
seee also Shafter, Szkody and Thorstensen 1986). In this technique two Gaussians with fixed 
widthh and separation are convolved with the line. The position where the intensities through 
thee two Gaussians is equal is a measurement of the central wavelength of the line. By varying 
thee separation between the two Gaussians different parts of the lines can be sampled. The width 
off  the Gaussians is set equal to the spectral resolution. 

Thee resulting velocities determined for a given separation a of the two Gaussians were fitted 
wit hh a nonlinear least-squares fit  of the form 

V(t,a)V(t,a) = 7(0) + K(a)  «n[2ir(i. - t0(a))/P] 

wheree P is the orbital period. 
Thee orbital elements are derived using the "diagnostic d iagram" introduced by Shafter 

(1983).. In such a diagram K, its associated relative error C R / K , 7, and the phase is plot-
tedd as function of the separation a of the two Gaussians. Here, phase is the t ime of superior 
conjunctionn for a line with respect to the t ime of superior conjunction of the H/3 line, i.e. for H/3 
thiss phase is 0.0. In this way one can see the degree of asymmetry in the emission line profile 
ass a function of velocity from line center (i.e., as a function of a). If there is any extra emission 
componentt (e.g., from a hot spot) which is confined to low (Keplerian) velocities, one would 
expectt the disk emission to become axi-symmetric in the high-velocity line wings. The orbital 
elementss should then converge to their true values for sufficiently large separation of the two 
Gaussians.. At very large separations the velocity measurements become less reliable because 
thee Gaussians are sampling an increasingly smaller part of the line wings. The opt imal orbital 
elementss are chosen as those values for which <TK/K reaches a minimum. 

Inn Fig. 7.8 I show the diagnostic diagram for the H7 line. For this line the min imum in 
O-R/KK is reached for a separation a = 2200 km/s of the two Gaussians. The 7 velocity does 
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Tablee 7.2 Orbital elements 

Line e 

H/3 3 
H 7 7 

U5 U5 
Hee I 5 

a1 1 

2600 0 
2200 0 
1800 0 
1800 0 

-1,2,3 3 

18.99  5.5 
-43.00  6.7 
-75.44  9.3 
47.22  10.1 

K1 1 

80.99  8.0 
113.33  9.9 

137.77  13.9 
266.22  15.1 

phase4 4 

0.0000  0.015 
0.0099  0.013 
0.0433  0.014 
0.0533  0.008 

11 In km/s 
22 The velocities are heliocentric corrected 
33 The errors were calculated assuming X2

ed
=l* 0 

44 Phase of superior conjunction with respect to superior 
conjunctionn of Hj3 at J D0 2448447.91251 
55 4471 A 

nott change significantly as function of the velocity from line center, whilst the phase of superior 
conjunctionn seems to converge nicely for a>2000 km/s. The radial velocity amplitude K hardly 
changess for separations between 2000 and 3000 km/s. Very similar curves for the variation of 
thee orbital elements as function of a were found in the diagnostic diagrams of US, H/3 and He I 
44711 A. The results for these lines together with that of H7 are listed in Table 7.2. 

Ass can be seen in Table 7.2 the orbital elements derived from the different lines do not 
presentt a consistent picture, with both K and 7 varying widely. Especially the radial velocity 
amplitude,, K, of the He I 4471 A line is much higher than those of the Balmer lines. As I already 
mentionedd above this line shows a prominent narrow emission component which is much less 
obviouss in the Balmer lines (see Fig. 7.7). A simple explanation for the difference in amplitude 
wouldd then be that the narrow emission component is not confined to the line center, but also 
distortss the line wings, with the He I being most affected. The difference between the amplitudes 
off  different Balmer lines can be understood as the result of the Gaussian convolution method 
beingg able to sample further out into the line wings as the lines become stronger (going from 
H6H6 to H/3) and the distortion is less. 

Too explore this somewhat further I tried to determine the radial velocity curve of the narrow 
component.. As this component is most prominent in the Hei 4471 A line, I concentrated on 
thatt line and determined the velocity of the narrow component in each spectrum by eye. The 
resultt is shown in Fig. 7.9. A clear variation can be seen with a period of approximately 0.063 
days.. From a least-squares sine fit with a fixed period I derive: 7 = -128(43) km/s, K = 598(63) 
km/s,, and superior conjunction occurring at J D0= 2448447.92009(96) (which corresponds to 
phasee 0.119  0.015 as denned in Table 7.2). These values are consistent with the idea that the 
narroww emission component affects the radial velocity curves of the line wings, and that the effect 
increasess toward the higher members of the Balmer series. This results in progressively more 
distortedd values of the radial velocity amplitude, the 7-velocity and the phase of conjunction 
(seee Table 7.2). 

Onee puzzling result is the large difference between the 7-velocity determined from the line 
wingss of the He 1 4471 line using the double Gaussian method (see Table 7.2) and that determined 
forr the narrow emission component. One possible explanation is that the line is blended with 
thee Mgl l 4481 line. This line has been observed in the SU UMa type dwarf nova SU UMa in 
quiescencee (Thorstensen, Wade and Oke 1986). An argument for the presence of this line might 
bee the presence of other lines from single ionized metals (see Fig. 7.6). K the He I 4471 and 
Mgg II lines have similar relative strength in VY Aqr as in SU UMa one would expect the narrow 



7.47.4 Tie quiescence spectra 103 3 

Figuree 7.9. The velocity of the 
narroww emission component in the 
Hee I 4471 A line determined by 
eyee for the 13 quiescence spectra, 
ass function of Heliocentric Julian 
date.. Superior conjunction occurs 
att JD0= 2448447.92009(96). A 
sinee fit to the data is also shown 
(seee text) 

emissionn component to be at most only slightly affect, whilst the red wing of the He I 4471 line 
wouldd be strongly distorted, shifting the 7-velocity determined from the line wings to the red. 
Thiss possible blend might also explain why the line wings of the He I 4471 line can be traced 
justt as far from the line center as Hi (see Table 7.2), although US is much stronger than the 
Hee 1 4471 line (see Table 7.3). It is interesting to note that the line profile of the He I 4471 line 
inn the spectrum of OY Car presented by Hessmann et al. (1989; their Fig. 1) shows a clear 
distortionn towards longer wavelength. The Mgll 4481 line in absorption has also been detected 
inn the UX UMa type cataclysmic variable IX Vel (Beuermann and Thomas 1990). 

Fromm the above it follows that the orbital elements derived from the line wings of H/3 (see 
Tablee 7.2) are expected to be least distorted. The question remains whether there is residual 
distortionn in H/3 that would affect the results significantly, or whether the orbital elements reflect 
thee true radial velocity variations of the white dwarf. This is of importance since the quiescence 
H/33 results disagree with the outburst results (see Sect. 7.3.3). 

Forr many dwarf novae the radial velocity amplitudes measured from the broad absorption 
liness during outburst agree with those obtained from the emission lines during quiescence (see, 
e.g.,, Hessman et al. 1984, Feinswog et al. 1988, Szkody et al. 1990; see, however, O'Donoghue 
andd Soltynski 1992 and Warner, O'Donoghue and Wargau 1989). From the large amplitude of 
thee narrow component in VY Aqr and the relatively poor resolution of the quiescent spectra 
(~6000 km/s at H/3) one would still expect to see some effect of this component even as far from 
thee fine center as sampled by the double Gaussians for H/U (this apart form the intrinsic width of 
thee narrow component which might very well exceed the resolution). Although the contribution 
off  the narrow component is hard to quantify exactly it is clear from the line profile variations 
seenn in Fig. 7.7 that this component is quite strong. If the narrow component reflects the radial 
velocityy of the hot spot then, given the fact that the mass ratio J ( = M W D / M R D) in SU UMa type 
dwarff  nova is generally high (see also Sect. 7.5), one would expect the phase difference between 
thiss component and the motion of the white dwarf to be of the order of 0.25-0.35. Since the 
phasee difference between the radial velocity curve of the narrow component in the He I 4471 A 
linee and that of the line wings of H/9 is only 0.12, the fine wings of H/3 are probably still affected 
byy the narrow component. Finally, like what is shown for H7 in Fig. 7.8, the H/3 line also shows 
aa trend of a decreasing radial velocity amplitude with increasing separation of the two Gaussian, 
whichh indicates that the true radial velocity amplitude of the line wings is in fact smaller. 

II  therefore conclude that the result obtained for the H/3 line in quiescence is probably still 
affectedd by the narrow emission component, and that the radial velocity amplitude derived from 
thee outburst spectra gives a better representation of the motion of the white dwarf. 

II  also looked for variations in the EWs of the different emission lines. More than half of the 
liness showed some indication of a variation with a period consistent with half the orbital period. 
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Tablee 7.3 The equivalent width of the emission lines during quiescence 

Line(s) ) 

H6 6 
CaK K 
H55 + Can 
Hee I 4026 

m m 
H 7 7 

Hee I 4471 + Mgll 44812 

W W 
Hee I 4922 + Fell 
Hee I 5015 + Fen 
Fenn 5169 

4923 3 
5018 8 

EW(A)1 1 

20.2 2 
13.94 4 
29.83 3 
2.84 4 
36.2 2 
46.2 2 
7.76 6 
83.1 1 
5.09 9 
5.63 3 
7.56 6 

1.2 2 
0.80 0 
0.88 8 
0.35 5 
1.2 2 
1.5 5 
0.50 0 
2.4 4 
0.41 1 
0.24 4 
0.41 1 

11 The errors are the errors in the mean 
22 See text 

However,, in all cases the significance of the periodicities that were found was not very high. In 
Tablee 7.3 the average values over the 13 spectra are listed of the EWs of those lines for which 
wee could determine the continuum, level with some accuracy. The spectra were not correct for 
thee contribution from the wide H Balmer absorption lines coining from the white dwarf, so the 
valuess for these lines should be considered as lower limits. The errors listed in Table 7.3 are the 
errorss in the mean. 

7.55 The mass rati o and inclination 

Onee of the predictions of Whitehurst's (1988; see also Molnar and Kobulnicky 1992) superhump 
modell  for SU UMa systems is that in these systems the mass ratio 9 = M \ V D / M R D ~4.5. On the 
basiss of the results obtained in Sect. 7.3 and 7.4 one can see if the mass ratio of VY Aqr is 
consistentt with this limit . 

Inn this section I wil l assume the most likely values for the orbital and superhump periods 
off  0.06348(12) and 0.06452(13) days, respectively. However, none of the results derived below 
changee significantly if the less likely alternatives for these periods are used. 

Pattersonn (1984) derived a semi-empirical mass-radius relation for the secondary in a cata-
clysmicc variable (CV) of the form 

RRDRRD (MjgyV 
(7.1) ) 

wheree a reflects departures from main-sequence structure (a — 1 for a main-sequence star). 
Paczynskii  (1971) showed that the radius of a spherical star having the same volume as that 

off  the Roche-lobe can be written as 

-RRD D 
== 0.462 (ïïï) ) 

1/3 3 

forfor q > 2 

wheree a is the orbital separation. Kepler's third law can be re-written to obtain 

__ (GMRD(l + q)P2\ 
1/3 3 

(7.2) ) 

(7.3) ) 
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wheree P is the orbital period. 
Equatingg Eqs. (7.1) and (7.2), and substituting Eq. (7.3) one can easily derive 

^^ = 3.38 a"1 83 F1 2 20 (7.4) 
MQ MQ 

wheree P is in days. 
Promm the study of the eclipse light curves of dwarf novae both the mass and the radius of the 

secondaryy can be derived, which allows a direct check on Eq. (7.1). The three SU UMa type 
dwarff  novae which have been studied in detail using their eclipse light curves (Z Cha, Wood 
ett al. 1986; OY Car, Wood et al. 1989; HT Cas, Home, Wood and Stiening 1991) all have 
secondariess which are underraassive compared to Eq. (7.1) with a=1.0. The error-weighted 
averagee for these three systems is a = 1.34(3). Inserting this value in Eq. (7.4) I derive 

^^ = 2.0 P1 2 20 . (7.5) 
MQ MQ 

Off  course, this relation is uncertain as it is based on only a few sources with a small range 
inn orbital period. As the masses and radii were determine using one method there is also the 
possibilityy of systematic errors. Smak (1993) recently redetermined the system parameters for 
WZZ Sge and derived a secondary mass of MRX> — 0.06 M 0 which is consistent with Eq. (7.5). 

Fromm the value of the orbital period of VY Aqr and using Eq. (7.5) it follows that MRD = 
0.077 M 0 . Considering the uncertainty in Eq. (7.5) I adopt a mass range of MRD = 0.07-0.12 
M 00 (i.e., a is in the range 1.0-1.34). 

Fromm the radial velocity amplitude determined in Sect. 7.3.3 and Kepler's third law a relation 
cann be derived between the masses of the components and the inclination angle i. A lower limi t 
too the mass of the white dwarf primary can be derived from the HWZI of the emission lines. 
Iff  the line wings reflect the Keplerian motion in the disk then the velocity of the extreme line 
wingss does not exceed the Keplerian velocity at the surface of the white dwarf, i.e., 

—— smi > VHWZI  (7.6) 
-«WD D 

II  approximate the mass-radius relation for white dwarfs (Hamada and Salpeter 1961) by 

wheree iZ9 is the white dwarf radius in units of 109 cm. 
Byy combining Eqs. (7.6) and (7.7) I derive 

% DD . . . ft1fi0 / VHWZI \ 2 / 1 8 ,„  fi, 
———smi———smi > 0.162 --^r;—;- . (7.8) 

Thee problem with measuring the HWZI of the emission lines for VY Aqr is that they are 
affectedd by the underlying absorption line profile from the white dwarf which reduces their width. 
Fromm Fig. 7.6 it appears that the higher the quantum number, the stronger the H Balmer line is 
affected.. This is reflected in the decrease of HWZI with increasing quantum number. I make a 
conservativee estimate and take the average for the Ho, H/3, H7 and H6 lines and derive VHWZI 
—— 1800 km/s. This places a lower limi t to the mass of the white dwarf of MWD = 0-31 M 0 . 

AA further constraint is set by the fact that photometric data do not show any eclipses 
(Pattersonn et al. 1993). This together with the expression of Paczynski (1971) for the size of 
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300 60 
inclination n 

Figuree 7.10. The constraints on 
thee mass ratio q = M W D / M R D 
andd inclination i for MRD = 0.07 
MQ.MQ. The solid line gives the re-
lationn between q and i as deter-
minedd from the radial velocity am-
plitudee K of 29(5) km/s derived in 
Sect.. 7.3.3. The dashed lines on ei-
therr side of the solid line correspond 
too \-c variations in K. To the left 
off  the dot-dashed line the system 
wil ll  not show photometric eclipses. 
Thee dashed line running from the 
bottom-rightt to the upper-left indi-
catess the lower limi t on the white 
dwarff  mass as function of i as deter-
minedd from the HWZI of the emis-
sionn lines in quiescence, which be-
causee MRD is fixed, also is a lower 
limi tt on q. The highest value of q 
shownn in the figure corresponds to 
aa white dwarf mass of M\V D = 1.44 
M 0 0 

thee Roche-lobe filling  secondary gives a lower limi t to the inclination as function of the mass 
ra t io. . 

Al ll  the constraints are combined and shown together in Fig. 7.10 for a secondary mass of 
M R DD = 0.07 M Q , and in Fig. 7.11 for a secondary mass of M R D = 0.12 M Q . It appears from 
thesee figures that the mass rat io for VY Aqr must be very high. The secondary is expected to 
bee out of thermal equil ibrium as a result of the continuing mass transfer, i.e. a > 1. Therefore, 
0.122 M Q can be considered as a reasonable upper l imi t to the mass of the secondary and I derive 
aa lower l imi t to the mass rat io of q>6, consistent with the precessing-disk model of Whitehurst 
(1988).. For M R D = 0.07 M 0 the inclination is constrained to the range i ~30-80c , and for M R D 
== 0.12 M 0 to the range i ~20-45°. 

Theree are more ways to constraining q and i. A model dependent est imate of the mass 
rat ioo can be obtained from the values of the orbital period (Po rb) and superhump period ( P S H) 
II  determined in Sect. 7.3. Osaki (1985) derived for the relative difference ( A P = (PSH -
Porb)/Port>)) between Po r b and PS H : 

A P P 
1 1 

44 vV + ? a 
(11)3/2 2 1 1 

44 vV + 4 ' 
3/2 2 (7.9) ) 

Heree r\ = (r<//rdiCrl-j) and r^crii (~ 0.48 a) is the critical disk radius for which the disk insta-
bil it yy occurs which gives rise to the superhump phenomena (see, e.g., Hirose and Osaki 1990). 
Mineshige,, Hirose and Osaki (1992) found that, independent of the specific outburst mechanism, 
Eq.. (7.9) gives a good representat ion for the observed AP-q relation for SU UMa type dwarf 
novaee with 7/ in the range 0.6-1.0. 

Solvingg Eq. (7.9) I derive 

11 1 

2 + 2 2 
11 + 

T) T) 

4 A P 2 2 (7.10) ) 

http://Aqua.ru
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ii  . ' 

Figuree 7.11. The same as Fig. 
7.10,, with M RD = 0.12 M 0 

300 60 
inclination n 

90 0 

Fromm the results in Sect. 7.3 it follows that A P = 0.0164, and with n in the range 0.6-1.0 I 
derivee from Eq. (7.10) q = 7-15 (for an average value of i) = 0.8 I derive q = 10). 

Warnerr (1976) derived a relation between the projected velocity of the outer disk r im and 
thee radial velocity ampl i tude of the white dwarf 

-iff  WD 

Vdiskk sin i 1 1 

where e 

ƒƒ = (0.500 + 0.227 log q) 

(7.11) ) 

(7.12) ) 

iss the distance from the center of the pr imary to the inner Lagrangian point. 
II  est imate Vdisk sin i from the half separation of the double peaked emission Unes in quiescence 

(see,, e.g., Home and Marsh 1986), and derive for H/3 and H7 an average value of 470 k m / s. 
Togetherr with the radial velocity ampl i tude of 29(6) k m /s derived in Sect. 7.3.3 I obtain a value 
off  0.062 for the left hand side in Eq. (7.11), which corresponds to a mass rat io q ~ 8. 

Thee inclination is not easy to constrain in a quantat ive way. However, the fact that the lines 
aree double peak tells us that the inclination can not be very low. Comparing the line profiles of 
thee H Balmer lines to the theoretical profiles calculated by Home and Marsh (1986) for optically 
thickk lines I est imate the inclination to be in the range i ~30-60°. 

Thee inclination may also be est imated from the separation of the double peaked emission 
liness which gives an est imate for the projected velocity at the outer disk r im. Warner (1976) 
derivedd for the size r^ of the disk 

a a == f4 11 + ^ (7.13) ) 

wheree ƒ is given in Eq. (7.12). Using Eqs. (7.3) and (7.4) one can derive for the velocity at the 

outerr disk r im 

Vdd = 
G M W D D 139 9 

ra a 

po.2200 3 

al-833 ( l  + g)2 ƒ6 

1/3 3 

km/s km/s (7.14) ) 

wheree P is in seconds and all other parameters have the same meaning as before. Note that Eq. 
(7.14)) is practically independent of the orbital period. For a in the range 1.0-1.34, and q in the 
rangee 7-15 (see Eq. (7.10)) I derive velocities in the range 800-1050 k m / s. The velocity est imate 
givenn above then implies an inclination of the system of i ~27-36° Of course this is a very rough 
est imate,, and the result depends on the validity of the assumptions that were made. However, 
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thee lack of any clear photometric variations at the orbital period in quiescence (Patterson et al. 
1993)) also points to a fairly low inclination. 

Thee independent estimates of q andd t are consistent with the constraints shown in Figs. 7.10 
andd 7.11 for both a secondary mass of MRD = 0-07 M 0 and 0.12 M 0 . Taken all this together they 
indicatee for VY Aqr values of i ~30-40° and q ~8-10. The latter corresponds to M\VD ^0.6-1.2 
M®. . 

Iff  the radial velocity amplitude of 81 km/s, as found for H/3 in quiescence (see Table 7.2), 
wass used to construct (q, i) diagrams similar to Figs. 7.10 and 7.11 no allowed pair of values 
(q,(q, i) would have been found for MRD = 0.07 M 0; for MRD - 0.12 M 0 only an area in the (q, 
i)i)  diagram with q£ 5 and i> 60° would be allowed. These latter values are not consistent with 
thee other independent estimates for q and i derived above. This supports my suspicion that the 
quiescencee H/3 radial-velocity amplitude is affected by systematic errors. 

7.66 Discussion 

Ass derived in the previous sections VY Aqr has very similar systems parameters to OY Car, 
whichh is also a SU UMa type dwarf nova. However, the amplitudes of the outbursts seen in VY 
Aqrr are typically 3 magnitudes larger than those in OY Car. The large amplitude outbursts make 
VYY Aqr member of a class which has been recently named "tremendous amplitude outburst dwarf 
novae""  (TOADs; Howell 1993). Several of these TOADs are found to have absolute magnitudes 
inn quiescence which are 2-4 magnitudes fainter than "normal" dwarf novae (Howell and Szkody 
1992).. Van Paradijs (1983) and Warner (1987) argue that the larger the amplitude of dwarf nova 
outburstss is, the lower is the mass transfer rate (M) in quiescence. The difference in outburst 
amplitudee between VY Aqr and OY Car might, therefore, indicate a difference in M. 

Pattersonn (1984) derived a relation between the EW of H/3 and the intrinsic brightness of 
thee disk, which depends on M. The EW of H/3 for VY Aqr (83 A) is substantially larger than 
thee EW of H/3 (47 A; Patterson 1984) derived for OY Car. Comparing these values to Fig. 6 
off  Patterson (1984) I derive MOY ~ 5Myy. Osaki (1989) found from model calculations that 
thee recurrence time (ts) of superoutbursts in SU UMa systems is proportional to M~l. For 
OYY Car ts ~300 days (see, e.g., Warner 1987). VY Aqr has been followed regularly during the 
pastt decade; as the superoutburst last for about two weeks the chances of missing one or more 
superoutburstss are fairly small. From the observations of the the Variable Star Section of the 
RASNZZ over the past ten years (up to May 1993) I find an average of ts ~860 days. This implies 
MOYMOY ~ 3Myy. 

Thus,, a variety of evidence indicates that the quiescent mass transfer rate of VY Aqr is 
substantiallyy lower than that of OY Car. 

VYY Aqr and OY Car have orbital periods below the period gap found in the period distri-
butionn of cataclysmic variables (see, e.g., Patterson 1984, La Dous 1990). Below the period gap 
thee evolution of cataclysmic variables, and as a result M , is thought to be governed by the loss 
off  orbital angular momentum through gravitational radiation (e.g., Rappaport, Joss and Web-
binkk 1982). With this mechanism M is expectedd to be similar for systems with similar system 
parameters,, and it is hard to understand how it can account for the difference by a factor ~3-5 
(possiblyy more for other TOADs) found in M between VY Aqr and OY Car. One possibility 
thatt comes to mind is that VY Aqr has already evolved through the minimum period for cata-
clysmicc variables (Rappaport, Joss and Webbink 1982), and its secondary is a degenerate dwarf. 
However,, in that case the difference in M between OY Car and VY Aqr is expected to be much 
largerr than a factor ~3-5. Another possibility is that VY Aqr and OY Car are at somewhat 
differentt phases in the cycle between recurring nova explosions as envisioned in the hibernation 
theoryy (Shara et al. 1986). Also other mechanisms which give rise to a varying M with time 
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(e.g.,, solar-type cycles; see Warner 1988) might explain the difference between VY Aqr and OY 

Car. . 
Finally,, I note that for TOADs with known quiescent absolute magnitude (Howell and Szkody 

1992)) and outburst amplitude (e.g., Ritter 1990), the absolute magnitude in outburst are consis-
tentt with Warner's (1987) relation between absolute magnitude in outburst and orbital period. 
Thiss is of interest as determining the distance to these systems can have important implications 
forr the space density of dwarf novae, and cataclysmic variables in general. From the apparent 
magnitudee of VY Aqr in outburst I derive a distance of d~110 pc. 
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