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Abstract

Context. Since the Fine Guiding Sensor (FGS) on the Hubble Spacecbile{HST) was used to measure the distance to SS Cyg
to be 166+ 12 pc, it became apparent that at this distance the disdifigtanodel fails to explain the absolute magnitude during
outburst. It remained, however, an open question whetteemtbdel or the distance have to be revised. Recent obsearsdéd to a
revision of the system parameters of SS Cyg and seem to bistrisvith a distance af 2 140 pc

Aims. We re-discuss the problem taking into account the new binadystellar parameters measured for SS Cyg. We confront not
only the observations with the predictions of the disc ib#itg model but also compare SS Cyg with other dwarf novae mova-like
systems.

Methods. We assume the disc during outburst to be in a quasi statiataty and use the black-body approximation to estimate the
accretion rate during outburst as a function of distancéndJsublished analysis of the long term light curve we deteenthe mean
mass transfer rate of SS Cyg as a function of distance andarentipe result with mass transfer rates derived for otherfdvavae

and nova-like systems.

Results. At a distance ofd > 140 pc, both the accretion rate during outburst as well asrtean mass transfer rate of SS Cyg
contradict the disc instability model. More important, atls distances we find the mean mass transfer rate of SS Cydhighoer or
comparable to those derived for nova-like systems.

Conclusions. Our findings show that a distance to SS Gyd.40 pc contradicts the main concepts developed for acoreigrs in
cataclysmic variables during the last 30 years. Either ourenit picture of disc accretion in these systems must bieaé\or the
distance to SS Cyg is 100 pc.

Key words. accretion, accretion discs — instabilities — stars: irtlieil: SS Cyg — stars: novae, cataclysmic variables — staaibs:
close

1. Introduction explained (e.g. Schreiber et al. 2003). However, the maat-ch
. : ., lenge comes from the distance to this system obtained frem th
Dwarf novae are W(_eakly magnetized c_atacl_ysm|c Va”a.bl%T/FGS parallax (Harrison et @al. 1999). According to the DIM,
E)C.Vﬁ) show:cnzg 5qua5|-fregular o%bursts,hl_.er.], mc_:reﬁlsedeah at such a distance (16612 pc) the accretion disc of SS Cyg
rightness of 2-5mag for several days, W "f - typically =y \y6y|q be hot and stable and the system would not be a dwarf
on timescales of weeks to months (e.g. Watner 1995, for a (&5 - Therefore such a distance, if correct, would serjopst
V'e"")r-] dard disc instabili del in doubt the validity of the DIM. Indeed, Schreiber & Gangic
The standar f IS¢ mstt]a ”t)f/1 r?]o eh(?lM) %ssumes a CO(‘ZOO:Z) concluded that either the DIM has to be modified and
stant mass-transter rate through the whole outburst cydsa strongly enhanced mass transfer during outbursts playman i
successful in explaining the basic properties of dwarf & ot role, or the distance of 16612pc is wrong. Comparing
bursts. In general the rise to maximum and the.deca}omm”Ial detailed DIM simulations with the observations of SSCyg,
outbursts is well described by the standard version of theéeho (gt aibar et 41 (2003) assumdd= 100pc doubting the cor-
There are problems with quiescence. Superoutbursts, Z Calkiness of highér values
type outbursts, and the reproduction of the outburst cycen- , - . '
et equie D modiicatons (e asoa 2001, o 2 i, Rty (BMer el 2007 ovmentonaly e setemy,
n the other hand the is too simple to be a faithful reg; P g
resentation of dwarf nova outbursts. It ugesatb scheme and the stellar components and the orbital inclination théedisig-
is based on the—parameter description of viscosity. AIthoqu'f!cantly from those derived earlier. The new results argemo

the news of the death of such an approach (PessaH et al. 2d66§P!e than earlier measurements because they do noomely
are exaggerated, its serious limitation have been well kriow  €/TOr-Prone methods such as those based on the wings of emis-
a long time. sion lines to determine the mass ratio or those using a main se

It is therefore not surprising that the brightest and best oiu€nce mageadius relation to derive the orbital inclination (see

served dwarf nova SS Cyg has been a source problems for Blitner etall 2007, for a detailed discussion). Very impotia

Ic . . T 1 ]
DIM. Its various types of outbursts seem to require modaei the context of the DIM is the conclusion lof Bitner et &l. (2po7

of the mass-transfer rate and the anomalous outburstsmemai that their results are consistent with a distancd 6140 — 170
pc in line with the parallax measurement. This forced us to re

Send offprint requests to: M.R. Schreiber examine the problem.
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The structure of the paper is as follows. In SEtt. 2 applying
the method of Schreiber & Gansicke (2002) but using thesesli , observed
system parameters df Bitner et al. (2007) we compare the pre-
dicted absolute magnitude and the accretion rate duringalor
outbursts with the value derived from observations. THezea
we determine the mean mass-transfer rate from the observed ° [
outburst properties (Sect.3) and again compare it with the p
dictions of the DIM. The conclusion of these two investigag M, | DIM (Friend et al. 1990)
is that a distance of 16& 12pc is incompatible with the DIM.

In Sect[# we compare the mean mass-transfer rates of SS Cyg
and other dwarf novae with H3FGS-parallax measurements
with those of several nova-like binaries. We show that at the | DIM (Bitner et al. 2007)
HST/FGS parallax distance SS Cyghsighterthan some nova- [
like systems and conclude that being an outbursting system a
such high luminosity SS Cyg must be a very special CV indeed. ‘ ‘ ‘ ‘ ‘

In the following (Sec{5) we re-consider the possibilityttin "0 100 120 140 160
SS Cyg the mass-transfer rate increases during outburtlissas dlpe]

would lower the mean mass-transfer rate. Figurel. The absolute magnitude at the onset of the decline
derived from the observed magnituderaf = 8.6 + 0.1 as a

function of distance and the absolute magnitude predicted b

the DIM according to system parameters derived by Bitnetlet a

One of the key-predictions of the DIM is that at the onset ef th(2007) and Friend et al. (1990) (see Table 1).

decline, i.e. when the cooling front forms at the outer eddbe®

disc, the disc is in a quasi-stationary outburst state a@dhiss Taple 1. Binary parameters of SSCyg used by

accretion rate is close to the critical mass transfer ratengby  [Schreiber & Gansickel (2002) (based dn_(Friend kf al. 11990)
: 5 15268 ,-089 and (Ritter & Kolb[ 1998)) and the new values recently derived
Mit = 9.5x 10°°gs Rio Maa ™ (1) by Bitner et al.|(2007) (right column). Also given is the dexd

disc radius in units of %9 cm (e.g/ Hameury et HI. 1998). Thenote that the stellar masses (and therefore &gp can not
light curves of normal outbursts of SS Cyg show a plateauehd¥ chosen independently from within their ranges as they are

with nearly constant brightness before the onset of theirecl Strongly constrained by the mass ratio.

Therefore, according to the DIM, the accretion rate during o

2. Accretion rate during outburst

burst should be similar to the critical accretion rate. Asig Ritter & Kolb (1998)  Bitner et al. (2007)
the outer radius of the disc to be close to the tidal truncatio p_ 6.6 6.6
radiusRout = 0.9 Ry with Ry being the primary’s Roche-lobe ra- /M, 119+ 0.05 081+ 0.19
dius, we derive for the new parameters of SS Cyg (see Table 1) q= Mo/Mug 0.70 0683+ 0.012

: ; i/° 37 45-56
Meric ~ 9.0— 9.1x 10*g/s. ) Rio 5.73 47-55

Clearly, we can derive the predicted absolute visual mageiof

a disc with this accretion rate. We follow Schreiber & G&Rsi

(2002), i.e. we use the same equation to account for the incli

nation, assume thefective temperature to follow the radial de-accretion rate required to reproduce the absolute magnasd
pendence of stationary accretion discs and the annuli adifte suming SSCyg is al = 166+ 12 pc. We find that an accretion
to radiate like black bodies. For the mass accretion ratengiv  rate of

Eqg. (2) we than obtaiMy = 3.76 — 4.37 as the predicted ab- .

solute magnitude during outburst. On the other hand, usiag Mout ~ 8.8—9.2x 10'%g/s 3)
observed visual magnitude, i, = 8.6 + 0.1, we can deter- . . . .
mine the absolute magnitude as a function of distance. é[@ur's. required. This isan order of magnitude apove the va_lue pre-
compares both values. The shaded region represents tHatabsg'Ctefd by t_he DIM (Eq. (2)). The value given above IS also es-
magnitude predicted by the DIM for the range of system paragEntially higher (by a factor of 2.5) than the one derived by

eters for SSCyg recently derived by Bitner et l. (2007) Sungl_chreiber & Gansicke (2002). The higher mass accreti@nisat

marized in Table 1. Also shown in Fig. 1 (solid horizontakljn required because Bitner et al. (2007) found a higher valughéo

is the predicted absolute magnitude when using the same éggjlnatlon and a lower value for the mass of the white dwarf.

tem parameter as Schreiber & Gansicke (2002), i.e. thasngi

byIRitter & Kolb (1998) which are based bn Friend etlal. (19903 The mean mass transfer rate

Apparently, the range of predicted absolute magnitudesfsig

cantly decreased due to the change of the system paranfetersSS Cyg is among the visually brightest dwarf nova and a @etail

a consequence of the revised inclination and mass of thewHdng-term light curve exists. The mean outburst propetimse

dwarf (see Table 1), agreement with the DIM now requires dibeen derived by Cannizzo & Matitei (1992, 1998) who analysed

tances as short as 100 pc. the AAVSO long term light curve. They find a mean outburst
To see how the discrepancy in the absolute magnitudes fadtaration ofty,y = 10.76 days, a mean cycle duration tgfc =

distance of 166 12 pc correlates with accretion rates, we als49.47 d giving a mean quiescence timetgfi = 38.71d. The

compare the value of the critical accretion rate (Eq. (2)hwhhie mean duration of rise to outburst and decline from outbuest a
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tis = 0.5d andtgec = 2.5d respectively. Using these values we
can now derive a value for the mean mass transfer rate from
the observed visual magnitude during outburst. As in Sbet 2

will compare the value derived from the observations with th 56 |

prediction of the DIM.
According to the DIM, the mean mass-transfer rate can be
obtained from the relation

tqui ~

M, [g/s]

EMD,max
Mtr - I\/lin

where the fraction of the disc’s mass lost during outburst is
€ = AMp/Mp max andMi, is the accretion rate at the disc’s inner
edge. Usually;, >> M, ande ~ 0.1. Taking

Mp.max = 2.7 x 10Pta~083M;038R314 g (5)

(4)

o1

(see Lasota 2001y = 0.02, and the system parameters derived
by|Bitner et al.|(2007) we obtain

My = 2.6 — 4.2x 10'g/s. (6)

M.y (Eq.() 4

DIM (Eq.(6)) (Bitner et al. 2007)

80

90 100 110 120 130 140 150 160 170
d[pc]

Figure2. The mean mass transfer rate of SS Cyg derived from
the observed visual magnitude as a function of distancelé&ha

region) compared with the predictions of the DIM (horizdnta
The above value should be compared with the mean méises). All values are calculated for the range of systenapar
transfer rate derived from the observed visual brightness deters derived by Bitner et al. (2007). Agreement between DIM

ing outburst. Following again Schreiber & Ganslcke (2082jr

and observed visual magnitude requires a distande~0100 pc.

Eqg. (5)) but using the system parameters obtained by Bitrer e At a distance of 166pc the mean mass transfer derived from the
(2007), we derive a mean mass transfer rate as function of diservations is above the critical transfer rate and - aicgito

tance. Fod = 166 pc we obtain

My = 1.1 - 3.8 10'%g/s. (7)

1010 -

The two values for the mean transfer rate, i.e. the one pre-
dicted by the DIM and the one derived from the observatioas ar
compared in Fid.]2. The grey shaded region represents thewal
required bymy = 8.6+0.1 as a function of distance. The range of

mean mass transfer rates predicted by the DIM (Eq. (6)) aad th 10 |

critical mass transfer rate (Eqg. (2)) are shown as horiztines.
Again, the discrepancy between DIM and HBGS parallax is =
obvious: According to the DIM, at 16612 pc SS Cyg should be =
nova-like system and not a dwarf nova. Evender 140 pc, the

le/s

derived mean mass transfer rates are close to the critita va 107 |

and one would at least expect Z Cam-like behaviour. Again,
agreement with the DIM requires a distancealof 100 pc.
Although the recently determined parameters significantly
increase the discrepancy between IHS3S parallax and DIM
prediction, the problem has been mentioned and discussed ea
lier.|Schreiber & Gansicke (2002) proposed as one possible

the DIM - SS Cyg should be a nova-like.

T T
V393 Aur 3

SS Cyg
@ 166pc

\
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UU Aqr
U Gem

SS Cyg @ 80pc

SS Aur

3x1010

4x10t° 5x 101  6x101° 7x10'°

r,lem]

lution a revision of the DIM by assuming an increased value @igure3. The mean mass transfer rate of SS Cyg, three other
the critical mass transfer rate which would be equivaleralto dwarf novae with HSIFGS distance, and six well known nova-
lowing for dwarf nova outbursts for higher mass transfeesat like CVs as a function of the outer radius of the disc durint ou
However, as we will see in the next section the problem is nbtirst. As binary parameters of SS Cyg we used again the val-
with the DIM. At 166+ 12 pc the mean mass-transfer rate ajes (and uncertainties) derived lby Bitner etlal. (2007). phe

SS Cyg is comparable or higher than that of nova-like bisarieameters and distances used for the nova-likes are congild

with similar orbital parameters but unlike SS Cyg theseeyst discussed in Table 1. Both, in order to make the plot easier to
never show outbursts. If anything they show a so-calledi“antead as well as because the broad ranges of possible parame-

dwarf-nova” behaviour.

ters do not represent well-determined values with certaiore,

we use shaded boxes instead of error bars. The solid line-repr

4. Comparing SS Cyg with nova-like CVs

sents the critical mass transfer rate according to Eq. @)ras
ing Myg = 1M. According to the DIM, this line should separate

There is an overwhelming evidence that the accretion digwis dwarf novae and nova-like systems. Interestingly, to regyrke-
site of dwarf-nova outbursts. The general picture of diswesc Ment with this prediction for SS Cyg alt= 166 pc, the size of
tion in CVs is that below a certain mass transfer rate theigiscthe disc needs to be similar to the one in RU Peg & 10'°cm).
unstable and dwarf nova outbursts occur. For higher mass-traEven for the maximum mass of the white dwaviq = 1.4Mo)
fer rates, the disc is stable and the corresponding clas¥/sf ¢his would requirea disc larger than the Roche-lobe radittse
are nova-like systems. In agreement with this picture, team Primary (68 x 10'°cm).

absolute magnitudes of dwarf novae have been found to be lowe



4 Schreiber & Lasota: The dwarf nova SS Cygni: what is wrong?

Table 2. Binary parameters, distances, visual magnitudes, andatiins of 6 nova-like systems.

name Mwd Msec Porb d i my Ay ref.

RW Tri 0.4-0.7 0.3-0.4 5.565 310-370 67-80 13.2 0.3-0.7 B, 2,5

UU Agr 0.6-0.9 0.2-0.4 3.92 250-350 76-80 13.6 0-0.2 56
LX Ser 0.37-0.43 0.3-0.4 3.80 300-400 77-83 14.4 0-0.2 4,5
RW Sex 0.8-1.3 0.55-0.65 5.88 150-250 30-40 10.8 0-0.2 57
UXUMa 0.4-0.5 0.4-0.5 4,72 200-300 69-73 12.8 0-0.2 4,5
V363 Aur 0.8-1.0 0.8-1.0 7.71 600-1000 68-72 14.2 0.3-0.5 8 4,

For some systems the values given in the literatufieidsignificantly. To keep our results as independent as lplessf uncertainties related to
the system parameters of nova-likes, we always used a bangeé 10f parameters. The valuesfgf have been taken from Bruch & Engel (1994)
and compared with Warner (1987) who quates Bruch (1984).efeates: (1) McArthur et al. (1999), (2) Poole €t al. (20@3)/Groot et al.
(2004), (4)_Rutten et all (1992, and references therein)Véhde Putte et all (2003) (65) Baptista et al. (1994), (7)eBmann et al. (1992), (8)
Thoroughgood et al. (2004)

Table 3. Binary and light curve parameters of the four dwarf novadhwiST/FGS parallax. The time the disc is in the quasi-
stationary state during outbutgt is approximated as n_Schreiber & Gansicke (2002).

name Mwd Msec Porb d i my (out) Ay tys/Teye ref.

SSCyg 0.6-1.0 0.4-0.7 6.6 16612 45-56 8.5 0-0.2 5/89.5 1,2,3,4
UGem 1.0-1.3 0.45-0.5 4.25 90-100 67-71 9.3-9.6 0-0.1 /118 4,5,6
SSAur 0.6-1.4 0.38-0.42 4.39 175-225 32-47 10.7-10.9 B1-0 553 4,5
RU Peg 1.1-14 0.9-1.0 8.99 261-303 34-48 9.0-9.1 0-0.1 /756 4,7

Again, we used a rather broad range of parameters in ordemtd aur conclusions depending on uncertain parameterscérapleteness we
added again the parameters ranges for SS Cyg accordingrierBital. [(2007). Please note that for SS Qfgy and M. are constrained by
g = 0.683+ 0.012. References: (1) Bitner et al. (2007), |(2) Harrison £(1899), (3) Cannizzo & Mattej (1992), (4) Harrison et alo04), (5)
Szkody & Mattei (1984) (6) Naylor et al. (2005) (7) Ak et alO(Z)

than those of nova like systems (see Warner 1995, Fig. 908).9. Enhanced mass-transfer rate
check whether this agreement remains for a distance to SS Cyqg
of 166+ 12pc, we compare the mean mass transfer rate @&mak (2000), Lasote (2001), and Smak (2005) showed that
rived for SS Cyg with those obtained for a set of well observe&nhhanced mass transfer during outburst is required to iexpla
nova-like systems and three additional dwarf nova with mete light curve of U Gem, especially the extremely long super
sured HSTFGS parallax (see Talile 2 and 3). outburst in 1985. Moreover, modulations of the mass-temsf
rate are necessary to explain outburst properties of SS€yqg i
self (Schreiber etal. 2003) and it seems that there is grow-
Figurel3 (inspired by Fig 1 in Smak 1983) shows the derivedlg evidence for enhanced mass transfer playing an importan
mean mass transfer rates as a function of the outer radibeoffole in short orbital period dwarf novae of the SUUMa type
disc during outburst. To avoid our results depending on unc¢Schreiber et al. 2004; Smak 2004a, 2005; Sterkenl et all)2007
tainties in the system parameters derived from observation
used rather broad ranges of parameters. The straight lme-re
sents the critical mass transfer rate kgy = 1Mg. Obviously,
at a distance of 166 pc the mean mass transfer rate of SS Cy
claerly above this limit as discussed earlier (Fig. 2). Theep
three dwarf novae are below the dividing line and the nokesli

The mean mass-transfer rate is not an observed quantity but
is calculated assuming constant mass-transfer rate aveyite,
hence, in case the mass transfer rate is significantly eedanc
gdﬁng outburst, our values are only upper limits. In additiin
the framework of the enhanced mass transfer scenario, the ac
have mass transfer rates higher than (or similar to) theakit cretion rate during outburst and at the onset of the declires d

e . . . not need to be the critical mass-accretion rate. Thereifoeg;
rate. The striking point of Fi§]3 is the fact that the mean $NaRance for a distance abovk= 140 pc further grows, the en-

transfer rate of SSCyg is larger (or as large) as those @BriVE, oy mass transfer scenario might be considered a possibl
for nova-like systems with similar system parameters. heot solution. The enhancement needed to put SS Cyg in the ob-

words, if SSCyg is indeed 2 140 pc away, the dierence be- oo 0q gwarf nova band is quite substantial. Assuming a mean
tween nova-like systems and the dwarf nova SS Cyg cannot b?ﬁﬁss transfer rate dfl; = 1.5 x 10g/s during quiescence

the mean mass transfer rate. This conclusions represeety a Schreiber & Gansické (2002) estimated the required mass-r

important finding because it contradicts the generally piezk fer enhancement to be by about a factopol5

picture for accretion discs in CVs. o o
Taking into account the revisions of the system parameters
according ta Bitner et al. (2007), the required mass traresfe

Clearly, one could argue that the distances to the nova-likancement reaches a factorf55 ford = 166pc. Even at a
systems might be systematically too small. However, the didistance ofl = 140 pc a factor of 35 is required. Compared to
tance to RW Tri is based on a HFIGS parallax and for the mass transfer enhancements predicted for U Gem (facto020-5
other systems we used very large upper limits for the digtan&mak (2005)) or SU UMa superoutbursts (15:60, Smak (2004a))
Hence, there is no easy way out of the problem. In the next séltis seems to be plausible but one should keep in mind theimode
tion we will discuss a substantial revision of the DIM thagmi calculations by Smak (2004b) which seem to exclude irraaiat
provide a solution. induced enhancement f&,, = 6 h. However, if a distance to
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SS Cyg of 140- 170 pc will be further confirmed in the future,Sterken, C., Vogt, N., Schreiber, M. R., Uemura, M., & TuvikeT. 2007, A&RA,
considering enhanced mass transfer even in (some) longbrbi 463, 1053

: ; kody, P. & Mattei, J. A. 1984, PASP, 96, 988
period dwarf novae appears to be the most plausible mecrhan%ﬁoma’ghgood T.D.. Dhilon, V. . Watson. C. A., Buckiéy,A. H., Steeghs

to explain the observations. D., & Stevenson, M. J. 2004, MNRAS, 353, 1135
Vande Putte, D., Smith, R. C., Hawkins, N. A., & Martin, J. 803, MNRAS,
342,151
6. Conclusions Warner, B. 1987, MNRAS, 227, 23

—. 1995, Cataclysmic Variable Stars (Cambridge: Cambrldgersity Press)
The long term light curve of SS Cyg has been frequently used
to constrain the disc instability model, in particular thiscos-
ity parameter.. Now, it seems that we can learn something very
different but equally essential about accretion discs in C\a fro
analysing this particular system. SSCyg is a dwarf nova and
not a nova-like. It seems that the distance to SS Cyg is above
140 pc. If this will be further confirmed, then there is soniregh
we do not understand in this binary. The standard interpogta
of mean mass transfer rates that are constant over the sttbur
cycle cannot be true and afiirence in the mean mass trans-
fer rate cannot be the onlyftirence between nova-likes and (at
least one) dwarf nova. This might mean that the standard BIM i
in fact not adequate and has to be modified by including mass-
transfer modulations. This is not a surprise to these asifgog.
Schreiber et al. 2000; Lasota 2001; Buat-Ménard et al. 12001
Schreiber et al. 2004).
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