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ECLIPSE MAPPING OF RW Tri IN THE LOW LUMINOSITY STATE
HALEVIN, A. V.1; HENDEN, A. A.21 Department of Astronomy, Odessa National University, T.G. Shevhenko Park, Odessa, 65014, Ukraine2 Amerian Assoiation of Variable Star Observers, 49 Bay State Road, Cambridge, MA 02138, USA
RW Tri is a bright well known elipsing nova-like system. It was disovered in 1937(Protith, 1937). Walker (1963) determined the orbital period to be 5.57 h. Afrianoet al. (1978) found that elipse timings demand that the ephemeris has a yli termwith a period of 2777 or 4980 days. Di�erent authors give di�erent values of the systeminlination angle i: 80Æ (Longmore et al. 1981), 82Æ (Frank & King 1981), 70.5Æ (Smak1995). Frank & King (1981) found that the dis size is about 0.4a where a is the orbitalseparation.Horne & Stiening (1985) performed the �rst elipse mapping of the system. Theyfound that the temperature of the inner part of aretion dis is about 40000 K. Alsousing the elipse mapping tehnique, Rutten et al. (1992) determined the mass aretionrate to be 3�10�8 M� year�1.
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Figure 1. Fragment of the AAVSO visual light urve of RW Tri. Elipse observations are marked withan arrow.



2 IBVS 5861
Poole et al. (2003) estimated the range for the primary and seondary stellar masses as0.4 - 0.7 and 0.3 - 0.4 M� respetively. Groot et al. (2004) using spetral elipse mappingfound that the mass aretion rate is about 10�8 M� year�1.In our paper we used AAVSO observations of RW Tri, obtained by Keith Grahamwith a Meade LX200 f/10 12" telesope and SBIG ST-9E CCD amera in V band. Theexposure duration is 70 se and the read time for this CCD is less than 1 se. Observationswere obtained during the low luminosity state (Fig. 1) on Otober 10, 2005 (JD 2453672).The star out-of-elipse brightness dropped from 12:m6 to 13:m7 visual magnitudes for about150 days. There are no outbursts observed during this state although the time intervalbetween AAVSO visual measurements was sometimes longer than 25 days. This showsthat the aretion dis temperature is high enough even in low state to hold the hydrogenin the ionized state and to prevent the appearane of the outbursts (this situation istypial for nova-like stars).The elipse light urve is shown in Fig. 2. For our observations, the out-of-elipsebrightness of the system was 13:m74�0:m06 and in the mid-elipse the magnitude was15:m83�0:m04. There is a small e�et of the hotspot presene on the post elipse lighturve (0.05 - 0.1 phase interval). The light urve before the elipse does not show thetypial hump usually assoiated with a bright spot. This feature appears in atalysmivariables due to anisotropi radiation of the hot spot in the plae where the aretion owshoks the aretion dis. Apparently the outer part of aretion dis is optially thinand we an see the hotspot struture from most diretions.
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Figure 2. Top: normalized light urve of RW Tri and the model �t. Fluxes were alulated using zeromagnitude absolute uxes, determined by Bessel et al. (1998). Below: residuals for the �t. One an seethat large amplitude residuals orrespond to the ikering on out-of-elipse parts of the light urve.
In this paper we used zero magnitude absolute uxes, determined by Bessel et al.(1998) to prepare our observations for the elipse mapping proedures.We applied a geneti algorithm elipse mapping tehnique (see Halevin, 2007 for de-tailed desription) to alulate the elipse map of the RW Tri aretion dis. In ourmodi�ation the aretion dis brightness is modeled with a distribution of radiating
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points in the orbital plane inside the Rohe lobe of the primary star. Our tehnique looksfor an optimal spatial distribution of the points to �t the observed elipse light urve.The system ux is reonstruted here by summing of the brightness of points visible atdi�erent phases.To remove smooth orbital brightness variations we used a seond-order polynomialapproximation for the out-of-elipse parts of the light urve. After that we divided theelipse light urve by the approximation values and saled the result with the polynomialvalue at zero phase.In our models we used system parameters taken from Groot et al. (2004) (Mwd =0:7M�, Mrd = 0:6M�, i=75Æ). Elipse models for other system parameters estimatesshow either shifted or highly asymmetri aretion dis elipse maps (Halevin & Henden,2008).One an see the normalized phase light urve of the elipse with the �t and residualsin Fig. 2. To estimate the errors of our observations we alulated the sattering of theresiduals in the elipse time range where the ikering is not signi�ant. The error valuewas obtained is �me=1.2�10�27 erg s�1 m�2 Hz�1. So in the mid-elipse the signal-to-noise rate is about 15. Beause the mid-elipse and out-of-elipse ux are fme=2�10�26and foe=1.2�10�25 erg s�1 m�2 Hz�1 respetively, the error for the out-of-elipse ux is�meqfoe=fme � 2.94�10�27 erg s�1 m�2 Hz�1 and therefore has a signal to noise of �40.
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Figure 3. Elipse map for the JD 2453672 light urve of RW Tri alulated for the system parametersq = 0:86 and i = 75Æ. The solid line is the ballisti trajetory of the aretion stream. Spatialoordinates are in orbital separation units.
To build the map of aretion dis we used a model with 300 radiating points. Theorresponding smoothed map for the brightness distribution in the aretion dis is inFig. 3. The solid line inside the Rohe lobe shows a ballisti stream trajetory.
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One an see that the brightest part of aretion dis is about 0.1a in radius and thehotspot distane is about 0.17a. We onsider this value as the real size of aretion dis.

Figure 4. Azimuthally averaged radial intensity distribution in aretion dis for Fig. 3 elipse map(top). Radial brightness temperature distribution in aretion dis. Solid lines are theoretialtemperature distribution for steady state dis in the ase of 10�8 and 10�9 M� year�1 mass aretionrate (bottom). Dashed line shows ritial temperature above whih gas is in steady aretion regimeWarner (1995).
Trigonometri parallax determination with the Hubble Spae Telesope gave a distaneof 341 p to RW Tri (MArthur et al. 1999). Using this distane estimate and theinterstellar extintion AV=7:m8�10�4 p�1 was taken using the value for the nearest objetfrom Nekel et al. (1980), we alulated the radial brightness temperature distributionin the dis and ompared it with preditions of aretion dis models. In the ase of theAV=0 one would obtain the temperature beomes about 13 perent lower. It shows theimportane of the interstellar extintion aounting in our ase.In Fig. 4 the radial brightness temperature plot is shown. Here we ompare the ob-served distribution with that predited for steady state solutions for aretion rates of10�8 and 10�9 solar masses per year. Our �t of the temperature distribution with thatpredited from the steady state dis model gives the value _M = (3.9�0.2)�10�9 M� year�1.This result is lose to that obtained from elipse mapping by Rutten et al. (1992) value_M = 3�10�9 M� year�1 (during the low luminosity state).We �tted the observed temperature distribution with the funtion T = T0R�b and
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found b = 0:56(�0:01). Our estimate of parameter b is far from that predited in thesteady state model 3=4 value. From Fig. 4 one an see that the temperature distributiononsists of two di�erent parts: for R less than 0:14a and for R greater than this radius.If we �t these parts separately, we obtain values b = 0:52 � 0:04 for R < 0:14a andb = 0:74� 0:03 for R > 0:14a. This di�erene is typial for SW Sex type stars.Our mass aretion rate estimate is less than that determined by the Horne & Stiening(1985) value of _M = 10�7:9 M� year�1, but during their observations the system was inthe high luminosity state (V � 12:m5) and the authors used lower distane value to be 300p. Aording to their data the temperature in the dis does not drop below the ritialvalue, above whih gas remains in the steady state aretion regime, typial for lassialnova-like systems.The dashed urve in Fig. 4. shows the ritial temperature level Warner (1995), al-ulated for the RW Tri system parameters. One an see that the temperature dropsbelow ritial value immediately after the hotspot distane and, hene, the most probablearetion dis radius. It is enough for the aretion dis to remain in the steady state.Using elipse mapping tehniques we alulated the radial brightness temperature dis-tribution. For inner parts of aretion dis the slope of this distribution is lose to theR�1=2 law. For outer parts the temperature distribution orresponds to a steady stateR�3=4 law. We estimated the mass aretion rate in the system as _M = (3.9�0.2)�10�9M� year�1. Our results show that even during the low luminosity phase, dis remains inthe hot steady state.Aknowledgements: We aknowledge with thanks the variable star observationsfrom the AAVSO International Database ontributed by observers worldwide and used inthis researh.
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