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ABSTRACT

In a previous study, we found that the detached post-comemgalope binary LTT 560 displays amtémission line consisting of
two anti-phased components. While one of them was cleatdgazhby stellar activity from the secondary late-type nssquence
star, our analysis indicated that the white dwarf primagey & potentially the origin of the second component. Howethe low
resolution of the data means that our interpretation resnambiguous. We here use time-series UVES data to comparadiz
velocities of the K emission components to those of metal absorption lines fhenprimary and secondary stars. We find that the
weaker component most certainly originates in the whiterflaad is probably caused by accretion. An abundance asabjshe
white dwarf spectrum yields accretion rates that are ctergisvith mass loss from the secondary due to a stellar wihd.Second
and stronger kbt component is attributed to stellar activity on the secopdéar. An active secondary is likely to be present because
of the occurrence of a flare in our time-resolved spectrosdeyrthermore, Roche tomography indicates that a signifiaeea of the
secondary star on its leading side and close to the first bagrpoint is covered by star spots. Finally, we derive thampaters for
the system and place it in an evolutionary context. We findl ttiawhite dwarf is a very slow rotator, suggesting that & had an
angular-momentum evolution similar to that of field whiteadfg. We predict that LTT 560 will begin mass transfer via Reatobe
overflow in ~3.5 Gyrs, and conclude that the system is representativieeopitogenitors of the current population of cataclysmic
variables. It will most likely evolve to become an SU UMa typearf nova.

Key words. binaries: close — Stars: late-type — white dwarfs — Stadividual: LTT 560 — cataclysmic variables

1. Introduction chromosphere of the secondary star is a common phenomenon

) ) in detached, short-period, WHS binaries.
Cataclysmic variables (CVs) are thought to form from de-

tached white dwarf (WD) main-sequence star (MS) binaries
that have experienced a common-envelope (CE) phase (€.9.fappertetdl[(2007, hereafter Paper I) found theethis-
Taam & Ricker, 2010; Webbink, 2008). In these “post-commoRy, . jine in the detached PCEB LTT 560 to be a combination of
envelope binaries” (PCEBs), the white dwarf represents t components. The radial velocity variations in the sgem
more massive component in the system and is therefore cal §component égree well with those shown by the TiO ab-
the primary, while the usually late-type (K-M) main-seqeen g, yiion and was thus identified as originating in the seaon
star is known as the secondary. After th_e end .Of the CE pha r. The radial velocities of the weaker component showed a
angular-momentum loss due to magnetic braking@ngravi- \iinin the errors — anti-phased behaviour with respectécstc-
tational radiation continues to decrease the separatiomee@ -y siar exhibiting a lower amplitude, and thereforetodse
j[he two stars. Th's eventually brings the sgc_qndarys Rt produced on the side of the centre-of-mass opposite to the se
into contact with the stellar surface, thus initiating $tatmass- dary. However, the low spectral resolution of the dateltam
transfer \./|a) .Roche-lobe overflow and the semi-detached ntamination of the white-dwarf Balmer absorption lindthw
phase (R'IF("’ 200?’ and_ references therein). ) .emission cores from the secondary, impeded velocity measur
There is growing evidence that the accretion of materiglents of other, unambiguously intrinsic, spectral featdrem
from the secondary star does not start with Roche-lobe ov@{a white dwarf. Thus, the true origin of the weak emissiomeo
flow. The discovery of so-called “low accretion rate p(?larsf)onent remained unresolved. The low temperature of theswhit
(Schwope et al.. 2002), which are likely progenitors of met@n gwarfin LTT 560 (T ~ 7500 K, Paper I) and the evidence of on-
CVs |:Sch_m|dt et all, 2005, 2007), and the detect_lon of métal &j0ing accretion imply that there is a high probability tHare
sorption lines in the UV spectra of non-magnetic PCEBSs (€.@re narrow metal absorption lines in the white-dwarf spauatr
Kawka et al., 2008), indicate that wind accretion from thevac (zyckerman et all, 2003). The radial velocity curve of suchs
should be undisturbed and thus faithfully track the motibthe
Send offprint requests to: C. Tappert white dwarf, motivating the high-resolution study presehin
* Based on observations made at ESO telescopes (079.D-0276) this paper.
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Fig. 2. Selected ranges of the average red spectra. The respective
Sperel cel Fol Pl Fol Al individual spectra have been corrected for the radial \mdm:
Call of the secondary star. The spectra are not corrected foritell
Y contamination. Indicated are thexHemission line, the spectral
3900 390 3920 3930 3940 3950 ,
Woveergth [A] range tha_Lt has been used for the _cross-co_rrelat_u_)n, andbthe a
sorption lines that could be unambiguously identified.

Fig. 1. Selected ranges of the blue spectrum with line identifica-
tions. This average spectrum has been produced by combinigle 1. Radial velocity parameters.
38 individual spectra that had each been corrected for tfialra

Fel ! I

velocity variations of the white dwarf. Feature K y P
[km s [km s [orbits]
. . = P 23150:0.51 3505046 —0.00271(65)
2. Observations and data reduction Nal 18183  233.720.33 3553024 0.00011(24)

LTT 560 was observed on August 16, 2007 using UVES on UTINal 18195 228.920.29  37.960.22  —0.00019(22)
(ANTU) at ESO Paranal. A total of 38 Echelle spectra was taker] 1O ¢C+o 231.120.19 37.181.28  0.00009(14)
. Hawp® 72.70:0.15 55.620.14 0.50198(62)
over 7.3 hin one blue (3260-4528 A) and two red (5681-7519 Ametal, d 72.62:0.88  54.240.88 0.5009(20)
7661-9439 A, hereafter "lower” and "upper” red SPectrum, re metal ce-1,°  72.62:0.16  55.280.74 0.50018(37)
spectively) spectral ranges, with resolving pow&0 000. The
exposure time per spectrum was 600 s, which correspondsN®es. @ broad H component excluding conjunction spectfak and
roughly 0.05 orbital cycles. The sequence of time-resodgt- ¢ via cross-correlation of the range 7000-720@ Aom the position of
tra had to be interrupted for about 45 min when the object was red absorption line&) narrow Hr component excluding conjunction
close to the zenith, where the VLT cannot observe. spectra® average of the radial velocity parameters of 16 blue metal
The data reduction was performed using Gasgano and tines. © K and ¢ via cross-correlation of the range 3810-3870A,
UVES pipeline (version 3.9.0) in a step-by-step mode. Tiis javeraged from the positions of 31 metal lines.
cluded bias and flat correction, wavelength calibratiorhveit
ThAr lamp, and flux calibration using the standard star LT
7987. The response function proved rather unsatisfactvtly,

-rred spectrum), the Nad181838194 doublet, K1, Fel, Til, and

the flux-calibrated spectra still containing several "ordeig- 2!l (in the "upper”red spectrum). As showrLin Paper |, tfe re

gles”. However, since this bears no relevance to the work qrpectrum is consistent with an M5-6V secondary star. The blu
scribed in this paper, we did not attempt to resolve thisassu portion ofthe spectra presents a plethora of narrow mesairah
tion lines: these are mostly of Fe |, but also Nil, Sil, Mg 1,1Al

Cal, and Cr| can be identified. In addition, there are the deoa
3. Results lines of Call,and HI. In Sectidn 3.2, we use the absorptioedi

. of the white dwarf to estimate the accretion rate.
In Figs[1 an@R, we present selected wavelength ranges afthe

eraged blue and red spectra. For the computation of botlrapec
the individual data were corrected for the motion of the eesp 3.1. Radial velocities

tive components based on the radial velocity parameteteatir We recall that the main motivation of the present work was to

;?a%eecg?r%nmm eu?j’wlz %ngv?&]hze gil\ljgsstaictgudms'pnegttreari%l%termine the origin of the two ddemission components. This
the rest frame of the late M dwarf. Absorption features ohboé1 an be achieved by calculating the parameters of their ctispe

stellar components were identified using the ILLSS cataeiaogu":‘dl"’lI velocity variations

(Coluzzi, 1999). Vi (t) = y + K sin[2z(t — To)/Por]., 1

The two red spectra are dominated by the features of the serc(—) 4 [2r( 0)/Porl )
ondary star, which are mainly molecular TiO bands, but adse s and by comparing them to the corresponding parameters of in-
eral atomic absorption lines such as C&B26 (in the "lower” trinsic stellar absorption features. We therefore meaktine ra-
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Fig.3. Radial velocities of several spectral features plotted s 4 L
against orbital phase. The latter are presented in sequence 0.0 ook BT Lh LT
i.e. corresponding to their time of measurement. The ploivsh R P Qg m? U8 Qig
the radial velocities for the broad and narrow ldomponents M DO s
(marked by slanted and straight crosses, respectively)ftze primary secondary
TiO and metal cross-correlation velocities (circles andasgs, o FTT T T[T T A [T T[T T[T 7710 7d
resp.). The plot also includes the radial velocity curvdsica T 02F £ I 3
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Table 2. System parameters of LTT 560. o o2 B J= 3
. }:n S WA N N A A
WD Pon Mwp Mus q I a -0.20 0.2 -0.20 0.2
[h] [Mo]  [Mo] [l (Rl v, [103 Km/s]
He 354(7) 0.46(1) 0.146(4) 0.314(1) 63(2) 1.00(1)

CO 3.54(7) 044(1) 0.139(4) 0314(1) 65(2) 0.98(1) Fig.4. Trailed spectra and Doppler maps. Thosver left plot

Notes. Orbital period, masses, mass ratio, inclination, and pisapa- Presents the Doppler map correctedy@p, thelower right plot

ration for a He- and a CO-core white dwarf primary assuming-as, the corresponding one corrected fafis. The slanted and the
hydrogen envelope. straight cross mark the calculated positions of the starsKiyp

andKys, respectively. The upper plots show the trailed spectra
for ywp. Theleft spectrumrepresents the original data, thight
dial velocities of the following lines and spectral regions spectrum is the reconstructed data from the Doppler map. The
(1) The two Hr emission components were fitted individuallydata are repeated for a second orbital cycle for clarity.
with a single Gaussian. For the calculation of the pararaeter
we excluded the data close to superior and inferior conjongt
when both components merge.

(2) By fitting single Gaussians again, the velocities for 28ah
absorption lines in the blue spectral range (in the majdtiy)
were measured, and the fitting of sine functions according T9(HJD) = 2 454 3296840(29)+ 0.1475(29)E, (2)
Eq[l1 yielded the corresponding parameters. The sample was

subsequently restricted to 16 curves with a standard dewiatwhereE is the cycle number. The value for the orbital period
< 0.5 km/s invy to provide average parameters. was taken from Paper I.

(3) The Nal lines were also measured with single Gaussian AS can be seen in Table 1, and is visualised in[Hig. 3, there
functions. An attempt to fit both lines simultaneously witot 'S & close agreement between all parameters for the respecti

Gaussians at a fixed separation was unsuccessful becaime of§atures of both the white dwarf and the secondary star. We ma
iregular and variable continuum. thus calculate the weighted averages for these parameters:

(4) Cross-correlation was performed for the spectral rangg,p = 55.45(34) knys, Kwp = 72.66(11) kny's,
3810-3870A (containing several narrow absorption lines) a ws = 36.51(72) km/s, Kys = 23122(95) kny's.
7000-7200A (including three strong TiO absorption bands{

Lacking a proper radial velocity standard, the spectra were With this, we derive the mass ratio

related to one spectrum of the data set of high signal-tsenoi

ratio (YN). The resulting velocities were then fitted according td = Kwp/Kws = 0.3143(13)

Eqg[d withy set to 0. Subsequently, the individual spectra we
corrected for the corresponding variation and averagedeld y
high SN spectra. Finallyy was determined by calculating they — ., — ys = 18.94(80) knys

shift of spectral features with respect to their rest-fraxaee-

length in these average spectra. For the blue range, tiiis\sts These values are consistent with those determined_in Raper |
calculated as the average of the positions of 31 lines. feorath (g = 0.36(03),vy = 25(09) kny's), but represent a vast improve-
range, the Cal7326 line was used from the lower red spectrument in accuracy. Assuming a He-core and a CO-core white
and 12 lines from the upper red range. dwarf, and adopting the mass-radius relations from Pared et

Table[1 summarises the resulting parameters. The zero point
of the orbital variationly was set to the inferior conjunction of
the TiO cross-correlation velocities, yielding an ephamer

%hd the gravitational redshift of the white dwarf
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Table 3. Photospheric white dwarf abundances. 12 , , , : -
Element log[X¥H]rrseo”  l0g[X/H]o®>  xsolaP 1 alk
Mg -6.2 -4.4 0.015 0.8F
Al -7.6 -5.6 0.010 :
Si -6.2 -4.5 0.018 0.6F
Ca -75 -5.7 0.015 04E
Sc -10.9 -8.8 0.008 ELo LY R B .
Mn -8.2 -6.6 0.018 3920 3940 3960 3980
Fe -6.3 -4.5 0.018 12~~~ T T T T T
Co -8.8 -7.0 0.018 r
Ni 7.9 5.8 0.007 L
0.8F

Notes. Abundances determined from fitting TLUSTYYNSPEC mod- E
els to the metal lines detected in the average UVES spectrium o0 0-6 '
LTT 560.

@) Metal abundances relative to hydrogen, by number, for LTO. 56 EL , o ,
@ As (1), but for the Sun® The abundances in LTT 560 relative to 3820 3840 3860 3880
those in the Sun. 12F L L T

1

0.8 F
(2000) for a 10°M, hydrogen envelope, the gravitational red- %0.6 E
shift corresponds tdl,,g = 0.46 + 0.12My andMyg = 0.44 + ~ E

0.12Mo, respectively. The resulting updated system parametegsp AF v Felvronon e S

L L M| L M| MR L
(see Paper | for details) are summarised in Table 2. ,,, 3720 3740 3760 3780

In Fig.4, we show the trailed spectrum and the Dopplea 12F "~ T T T T T T T T T T T
map that was computed using the fast maximum entropy . ]
gorithm of[Sprult [(1998). The flare data (Sectlon_3.3.1) weré Ly
excluded, since Doppler tomography does not take into ac-0.8 f
count non-orbital variations. The resulting map represamivo- -
dimensional visualisation of the emission distributior@hocity F ]
space[(Marsh & Horhé, 1988). We note that the significant dif- 0-4 | ' Fel'! : : b E
ference in they velocities caused by the gravitational redshift — '36'20' ' '36'40' ' '36'60' ' '36'80' —
of the white dwarf requires the calculation of two maps with ; o —T T T T T T
respective corrections. Consequently, the emission fhenséc- I
ondary star appears distorted in thg@ corrected map, and vice 1 i
versa. We note that both the emission component from theewhit 0.8
dwarf and the one from the secondary star in their respetjive 0.6
rest frames” are symmetrically centred on the calculatesi-po
tions of the stellar components, and that these two are tlye on 0.4
Ha emitters in the system, i.e. no accretion stream or discsis vi

3520 3540 3560 _ 3580

ible in Ha. 12FT

1 EOkat bl ri.ll.m“ ol [.i n b U
3.2. The photospheric white dwarf spectrum 08 'i' U ! | \ 1 i
We used TLUSTY200 and SYNSPEC48 (Hubeny & lanz, 0.6 L = | o =
1995]Lanz & Huberly, 1995) along with the Kuruz line list (CD- z S O =
ROM23) to model the plethora of photospheric metal lines de- ™ L
tected in the average UVES spectrum of the white dwarf in 3420 3440 3460 3480

LTT 560. The atmospheric models were computed adopting the
mixing length version ML2 and a mixing length of 0.6. We
fixed the éfective temperature toey = 7500K, as determined

Wavelength [A]

. ¥ ; ; ~ 7 Fig.5. The plethora of metal absorption lines in the aver-
from our analysis of the near-ultraviolet to infrared spalcén age spectrum of the white dwarf in LTT 560 were fitted with

ergy distribution of LTT 560/ (Paper 1), and lgg= 7.75, cor-
- . . 4 LUSTY/SYNSPEC models to determine the metal abundances
responding to the mass determined here. We restrict thig-ana the white dwarf photosphere. The overplotted black line

sis to wavelengths below 4000 A, where the contribution ef t'%nhows a model foTwp = 7500K, logg = 7.75, and adopting
companion star is practically zero, hence the photospla¢ric he abundances listed in TaBle 3.
sorption lines from the white dwarf are not contaminated. V\}

identified transitions of Mg, Al, Si, Ca, Sc, Mn, Fe, Co, and

Ni, and varied the individual abundances of these elementselement mixture at 0.015 times the solar metal abundances
achieve the closest fit to the observed line profiles (FigTBg (Asplund et al., 2009).

abundances determined from this fit are reported in Tablé&B, w  The relatively large abundances of metals in the photospher
typical uncertainties of 0.2 dex. Within these uncertasitithe of the white dwarf clearly indicate that it is accreting frats
observed abundance pattern is broadly consistent witha salompanion star. Doppler tomography rules out Roche-loke-ov
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Fig. 7. Equivalent widths of the Hl after the emission compo-

07 MMW“ nent of the white dwarf had been subtracted from the spectrum
; ’ Open circles mark spectra where the subtraction left sigamifi

Y B S W A Ll T negative residuals.
6560 6570 6560 6570

Wavelength [A]

Fig. 6. Comparison of the two half orbits corresponding to thall spectra, and the quality of the subtraction was evatinatai-
phase intervals 0.64-1.0 (left panel) and 1.64-2.0 (right) ally. Eight fits were found to leave fiiciently negligible resid-
Fig.[3. The Hr component from the secondary star is clearlyals. Finally, the equivalent widths of the secondarysdtdm-
stronger at the start of the second panel, while the one fr@m ponent was measured in all eight sets of subtracted spectra.
white dwarf remains unchanged. For four spectra, none of the subtracted line profiles were
of satisfactory quality, containing significant negatiesidu-
als. Interestingly, three of those represent all the spédntthe
flow, hence the origin of the accreted material is very likelpe phase interval 0.9-1.0, and one might speculate that aé thes
the wind of the companion star. Assuming that the white dwgphases (close to superior conjunction of the primary) thiéewh
photosphere is in a steady-state of accretidfudion, we can dwarf He component is iected by some sort of obscuration.
use the determined metal abundances to infer the accretien Nevertheless, our coverage here is ffisient for an in-depth

from analysis, and more data will be needed to confirm this apparen

. Mo X diminished strength of the white-dwari-tomponent.
M = M, (3) The average equivalent widths are plotted in Big. 7. The sec-
70 Xace ondary’s Hr component at second quadrature during the second

bserved orbit is clearly about 1.6 times stronger thamdttie
rst orbit. The observed maximum of this flare occurs at phase

on which accreted metals drop out of the convection zone, ahd but since the phase interval 1.5-1.7 was not covered be-

[X/H] and [X/H]acc are the abundances observed in the whifgduse of the zenith break it is possible that the_ real maximum
dwarf atmosphere and in the accreted material, respegtiviies reached before we recommenced observations. From phase

(Dupuis et al., 1993; Koester & Wilken, 2006). We assume th {/ to the end Of. observations at phase 2.2, th_e S,:[rength%f tr],
the white dwarf in LTT 560 accretes solar abundance materi line ha_d det_:llned, but had not yet reached Its "quiescence
and estimate| = —8.2 from the plots il Althaus & Benvenuito Value at this point. We furthermore note that during the bist
(1998)| Koester & Wilken (2006) list theflusion timescales for served orbitthe equ_"’?"e”t width ha_s a local maximum atrsétco
Ca, Mg, and Fe for a wide range offective temperatures andquadrat’}Jre, Where_ it is about 1.4 times larger than at both ob
surface gravities. We interpolate their Table 2Tep, = 7500K Served "unflared” first quadratures (phases 0.25 and 1.269. T
and logg = 7.75 to findp(Ca) = 9400yr,70(Mg) = 9950 yr indicates that there is an active region on the leading dfitieeo

andrp(Fe) = 7460yr. Using the abundances of Ca, Mg, angecondary star.

Fe determined from our fits to the photospheric metal lines

(Tablel3), we obtain three independent estimates of theeaces 3.2. Roche tomography

tion rate, M = 4.4 x 10°Myyrt, 45 x 10°®Mgyr~1, and _ o
M = 6.0 x 10" *Myyr-1. Within the uncertainties of our anal-To explore the secondary’s signatures of stellar activig,

ysis, we conclude that the accretion rate onto the white tiwar used the method of Roche tomography (RT;_Rutten & Dhillon,
~ 5x 10-5Mgyr 1, 1994,/ Watson & Dhillon, 2001), applying an image reconstruc

tion technique to obtain a brightness distribution of the-se
o ondary star. This method is based on the maximum entropy reg-

3.3. Activity ularisation technique (Skilling & Bryan, 1984), which selaes
3.3.1. Flaring for the most featureless brightness distribution congisiéth

the data. Modern RT uses least square deconvolution (LSD) to
In the second part of the second orbit covered by our data, twmbine a series of stellar absorption lines to produce ooe p
Ha component from the late-type star is significantly enhancété of higher 9N (e.g. [Kochukhov et all, 2010; Watson et al.,
from phases 1.7-1.9, i.e. immediately after the "zenittakte 2006, and references therein). A list of lines was generated
(Fig.[8). In contrast, the white-dwarf dHcomponent remains using the Vienna Atomic Line Database (Piskunov et al., 1995
constant. For a quantitative analysis, we measured thevaquKupka et al., 1999). We used stellar parameters for an M5V sec
lent width of the secondary’sdicomponent as follows. First, we ondary, i.e. Tg = 3 000 K and logy = 4.9 (Bardfe et al.| 1998).
fitted single Gaussian functions to the line profile of theteshi Finally, to extract the combined line profile we also needuio-s
dwarf He component in all spectra where this component waisact the continuum from the spectra. For that, we employed a
suficiently isolated. Subsequently, all fits were subtractedhfr iterative procedure masking out the line regions, basechen t

whereq is the mass fraction of the convection zone (in Whicﬁ
the accreted material is mixedp is the difusion timescale
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Roche Tomogram of LTT 560

¢ =-025 @ =025

North Pole
n = 0.5 o= 0.
S
™
| W : ) '
~156 -106 -50 0 50 160 150
Aol Fig. 9. The surface brightness distribution of the secondary star

Fig. 8. Radial velocity-corrected trailed spectrum (top) and thef LTT 560 as derived from the Roche tomography. The L1 face
combined absorption line (bottom) resulting from the lea&f the star is seen at phase 0.5. The circles mark a regiomdrou
square deconvolution for the data before the zenith breakk D L1 (lower left plot: seen from the front sidepwer right plot:

and light grey regions on the average line profile at the bottoseen through the star). Dark regions represent diminished a
panel show the 1 and 2¢ of the standard deviation throughousorption features of the line profiles, interpreted as swiote-
the orbit, respectively. Solid vertical lines depict thexinaum glons.

allowed radius for the secondary star (i.e., its Roche-taldéus
R 1). The vertical dashed lines mark the estimated ra&ius
(central lines) and the correspondingriconfidence levels ob-
tained from the RT by thg? landscape technique.

to the spectral resolution. Following Watson €t al. (200i@ do

not adopt a two-temperature model (Collier-Cameron & Unruh

1994). As with the Doppler tomography, only line profiles be-

fore the occurrence of the flare were used. The resultingserf

brightness distribution of LTT 560 is shown in Fig. 9 at fivé-di

line list, and an estimated line width. For the LSD extractid ferent orientations. Brighter regions represent the “stunibed”

the line profile, we used the wavelength range 8000-9000-A, yshotosphere of the star and darker regions are spot-filkesar

sulting in a total of 50 available lines (with line depths aper The most prominent feature of the surface brightness distri

than 0.5). The resulting line profiles have a velocity re8ofu bution is a large asymmetric spotted region covering mostef

of ~ 4 knys and signal-to-noise ratio of about 40-50. A radiakurface of the secondary star. This may be caused by one large

velocity-corrected trailed spectrum of all extracted pesfiis spot covering a considerable fraction of the star, as esprokd

shown in the top panel of Figl 8. by|Strassmeier (1999) in the KO giant HD 12545, or from a large
The basic input parameters for the RT are: the orbital periogtoup of smaller spots, with our data not allowing to disdesen

the system’s inclination, and the masdé¢gp and Mys of the tween the two scenarios. The observed asymmetry in thetbrigh

stellar components. In addition, for the non-Roche-lobiedi ness profile is such that the back face of the secondary is less

secondary star in LTT 560, and PCEBs in general, its rd&iigs covered with star-spots (brighter) than the rest of the siitih a

is needed. In_Paper |, we found a large mismatch between glight tilt in the direction of the stellar rotation. Thisdsnsistent

radius corresponding to the secondary’s surface brightoals with our result of Sectioh 3.3.1, i.e. that the leading sifi¢he

culated from the calibrated spectroscopic data and thesah- secondary appears to be the more active one.

plied by the photometric light curve. We therefore derivet {ba-

rameter independently of the present data by performingra nu . .

ber of RT simulations with all parameters besi@s fixed, and 4- Discussion

determining the-minimum of the resultiaﬁ. With this method, We have used Echelle Spectroscopy of the PCEB LTT 560 to

we obtain a radius dRus = 0.16'G53 Ro (= 1.1*55 x 10°°¢m),  derive precise system parameters. From the metal aburslance

which lies in-between the two possible radii 08@nd 16x10'° in the white dwarf photosphere, we determined an accretion

cm from Paper I. rate of ~ 5 x 10" ®Mgyr~1. IDebes((2006) carried out a simi-
We furthermore included gravity and limb-darkening cotar study of six white dwarf and main sequence binaries, both

rections in the imaging procedure, using the flio&nts from short-period (post-common envelope binaries, PCEBSs) ade w

Claret (2000). Finally, the instrumental broadening of &ie binaries, and found accretion rates in the range 20718 to

sorption lines was accounted for by convolving the line peofi6 x 10-*®*Mgyr~1. Their study includes the system RR Cae, a

with a Gaussian with full width at half maximum corresporginwhite dwarf plus M-dwarf binary that resembles LTT 560 in
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Since the white dwarf radius is given Byp = 0.636 Mwp/Vgr

for M and R in solar units andvy in km s, Ay translates
into 0.11Rwp. The Hr emission could thus in principle origi-
nate in a region up te-1000 km above the photosphere. This
still practically excludes a “strong” shock as the mechamiie-
hind the emission, because the associated shock height is in
versely correlated with the mass-transfer rate (e.g., £l
Fischer & Beuermanmn, 2001), which for LTT 560 is two orders
of magnitude below that of even the low-accretion-rate f®la
(Schwope et all, 2002). It appears more likely that the doriss
line is produced by heat deposited by the accretion regyittia
temperature reversal shortly above the white dwarf phdtesn
However, a detailed treatment of the physics involved ihely
the scope of this paper.

Wavelength [4] . .
The narrow metal lines allow us to place a limit on the ro-

Fig.10. A close-up of three Fel absorption lines in the Whitg‘tion rate of the white dwarf. Fig.1L0 shows a close-up odénr

dwarf photosphere. Overplotted on the average spectrum
three TLUSTYSYNSPEC models fofwp = 7500K, logg =
7.75, and the abundances listed in Téble 3. The solid line sho
non-rotating white dwarf, the dotted line correspondgsmi =
15 knys, and the dashed line wsini = 30 knys.

pel lines, along with models forsini = 0, 15, and 30 kifs,
and suggests that the white dwarf in LTT 560 is a very slew (
Wk kmys) rotator, similar to the majority of single white dwarfs
(Koester et dll, 1998; Karl et &l., 2005; Berger et al., 2008)s
is aninteresting result, as it suggests that the evolufiangular
momentum of white dwarfs in PCEBSs is similar to that of field
white dwarfs, with current theories requiring magnetigtaes to
many aspects. Both systems have nearly identical white fdwexplain the observed low rotation rates (€.9. Suijs et BD82.
masses and similar companion star masses, but the orhiiadipe
of RR Cae is nearly double that of LTT 560. Debies (2006) deter-

mined an accretion rate o410 **Moyr~* for RRCae, and in-  The data sets used in Pager | and the present one show the
ferred, assuming a spherically symmetric wind and BondHElo occyrrence of flares, indicating that there is an active rstiary

type accretion, a wind mass-loss ratéMy = 6x10Mo Y™  gtar in the system. Roche tomography shows an asymmetric sur
for the companion star. Taking the Bondi-Hoyle scenari@eéf f5ce prightness distribution, which we interpret as thesenee
vaIge,Maccoc 1/R?, whereR s taken as the distance be_tweenthgf star spots (Figi]9). These high latitude fordpolar spots
white dwarf and the M dwarf. For an equally large wind masgye yery common in single active stars (elg., Strassmed, et
loss rate, the accretion rate in LTT 560 would be about thrgg3) ‘and have also been observed on donor stars of CVs
times higher than in RR Cae, which is only a factor of aboWyaison et dll, 2006, 2007), as well as in the pre-CV V471 Tau
three below the accretion rate that we estimated from the iy, ssain et dI[, 2006). The models of Granzer B al. (200§) su
tospheric abundances. Considering all the uncertaimti@hied st that star-spots emerge preferentially from the flug tibse

in estimating the accretion rate and mass-loss rate, RR ke g) the equator of the star and are dragged by the Corioligforc
LTT 560 appear to behave rather similar, and we speculaté thqg the pole of the star. Thus, high latitude and polar spassish

is the higher accretion rate in LTT 560 that is responsibi¢tfé 1o 3 common feature on rapid rotators, such as close binaries
chromosphereorona around the white dwarf that we observe ipgyever, we caution that these models are only valid foisstar
Ha. ) L . 15 _, intherange @ My < M < 1.7 M, that contain a radiative core

_ Theaccretion luminosity implied Ylace = 5x10*Moyr™ - ang a convective shell, and in LTT 560 the M5-6V secondary
is L ~ 18 x 10?%rgs’. Integrating the it flux, we find \yith 4 massviys = 0.14 M, is well below this range and can be

that F(Ha) ~ 1.0 x 10 ergcn?s?, or, adoptingd = 33pC  gypected to be fully convective.
(Paperll),L(Ha) ~ 1.3 x 10%%rgs?, i.e. it is clear that the

accretion-heated layer of the white dwarf must cool through
additional emission mechanisms.[In Paper I, we discussed ho

identifying LTT 560 with a nearby faint ROSAT PSPC source [N addition to the high latitude features, we also observe
would imply an X-ray luminosity o~ 6 x 10?%erg s, which that the inner face of the star in our model (the one facing the

is comparable to the predicted accretion luminosity. A dep Primary) is slightly darker than its backside. The low laie

ray observation would be desirable to confirm the associatio Sta/-SPots populating the region around L1 appear to béanot

LTT 560 with the ROSAT X-ray source and to establish morgPmmon feature in the tidally distorted late-type secoresauf

accurately the flux and spectral shape of the X-ray emission. close binaries (Watson et'al., 2006, 2007; Hussain et al620
The nearly identicay velocities of both the white dwarf's It has been suggested by Holzwarth & Schussler (2003) that

Ha emission and the photospheric metal absorption lines snggédal interaction may force spots to appear at preferreatioos.

that they originate in the same region. However, becausieeof King & Cannizz6(1998) find the appearance of such spots at L1

uncertainties involved we cannot exclude that the énission 0 be the probable mechanism behind the low brightnesssstate

is produced somewhat above the white dwarf’s photosphere. @nd mass-transfer variations in CVs. As Watson et al. (2007)

a “worst case scenario”, we calculate the largest possitilerd POINt out, a similar #fect to that of star spots at L1 can be
ence within the & uncertainties as achieved by irradiation from the white dwarf primary, altigi

the low temperature of the white dwalffyp = 7500 K; [ Paper I)

Ay = ywp.metal + 30 metal— (YWD.Ha — 30Ha) = 2.15 km s, indicates that thisféect will be small if important at all.
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What kind of future awaits LTT 560? Following
Schreiber & Gansickel (20#8) we calculate the periodPsy
at which the system becomes semi-detached as

Ris )7
G Mus (L+gY)(R/a)®) -~

taken from_Ritter[(1986), with the approximation|of Eggleto
(1983)

Py = 2n( (4)

0.49¢3
0.6 q% +In(1+ q)% .

R /a= (5)

With the parameters given in Taljle 2 (taking the averageef th

Hussain, G. A. J., Allende Prieto, C., Saar, S. H., & Still, 2006, MNRAS,
367, 1699

Karl, C. A., Napiwotzki, R., Heber, U., et al. 2005, 434, 637

Kawka, A., Vennes, S., Dupuis, J., Chayer, P., & Lanz, T. 2@Q8), 675, 1518

King, A. R. & Cannizzo, J. K. 1998, ApJ, 499, 348

Kochukhov, O., Makaganiuk, V., & Piskunov, N. 2010, A&A, 5245+

Koester, D., Dreizler, S., Weidemann, V., & Allard, N. F. 39838, 612

Koester, D. & Wilken, D. 2006, 453, 1051

Kupka, F., Piskunov, N., Ryabchikova, T. A., Stempels, H.&Weiss, W. W.
1999, A&AS, 138, 119

Lanz, T. & Hubeny, |. 1995, 439, 905

Marsh, T. R. & Horne, K. 1988, MNRAS, 235, 269

Panei, J. A., Althaus, L. G., & Benvenuto, O. G. 2000, 353, 970

Piskunov, N. E., Kupka, F., Ryabchikova, T. A., Weiss, W. &/.Jeffery, C. S.
1995, A&AS, 112, 525

Ritter, H. 1986, A&A, 169, 139

itter, H. 2008, Proceedings of the School of Astrophyskasiicesco Lucchin”,

Mem. Soc. Astron. Italiana, in press, arXiv: 0809.1800

He- and the CO-configuration) and the secondary’s radiis €g,ien R. G. M. & Dhillon, V. S. 1994, A&A, 288, 773

mated from the RT, we find thdsg = 1.52'585 h. The large schmidt, G. D., Szkody, P., Henden, A., et al. 2007, ApJ, 634,
uncertainty here is dominated by our ifiscient knowledge of Schmidt, G. D., Szkody, P., Vanlandingham, K. M., et al. 2083J, 630, 1037
Rus. Modelling the light curve of a photometric time-seriesadatSchreiber, M. R. & Gansicke, B. T. 2003, A&A, 406, 305

set of LTT 560 of high 8\ would be desirable to improve the
accuracy. Determining the distance to the system via alparal

measurement would similarly yield the absolute luminesitf
the stellar components, thus provide independent accdsxtto
Rus andRyp and the associated parameters. Nevertheld3g, a
below the period gap is consistent with the M5-6V spectiaéty

Schwope, A. D., Brunner, H., Hambaryan, V., & Schwarz, R. 20
Astronomical Society of the Pacific Conference Series, \281, The
Physics of Cataclysmic Variables and Related Objects, ed. Bansicke,
K. Beuermann, & K. Reinsch, 102

Skilling, J. & Bryan, R. K. 1984, MNRAS, 211, 111

Smith, D. A. & Dhillon, V. S. 1998, MNRAS, 301, 767

Spruit, H. C. 1998, astro-ph, 9806141

Strassmeier, K. G. 1999, A&A, 347, 225

of the secondary star (Beuermann et al., 1998; Smith & Dinillostrassmeier, K. G., Pichler, T., Weber, M., & Granzer, T.2088A, 411, 595
1998). Since it can be assumed that the secondary is fully cuijs, M. P. L., Langer, N., Poelarends, A., et al. 2008, 48T,

vective, we use EQq.8 from Schreiber & Gansicke (2003) for a

fram,R.E. & Ricker, P. M. 2010, New A Rev., 54, 65

ppert, C., Gansicke, B. T., Schmidtobreick, L., et aD20A&A, 474, 205

gular momentum loss dominated by gravitational radiatimn g\?atson C A & Dhillon. V. S. 2001 MNRAS. 326. 67

calculate the time it will take LTT 560 to start mass transfier watson. C. A.. Dhillon, V. S.. & Shahbaz, T. 2006, MNRAS, 3687
Roche-lobe overflow te-3.5 Gyrs. This is much less than thewatson, C. A., Steeghs, D., Shahbaz, T., & Dhillon, V. S. 200RRAS, 382,
Hubble time, thus LTT 560 can be regarded as representdtive 01105

the progenitors of todays CVs. Since the system containsia ny”

magnetic white dwarf and the mass ratjo< 0.33, it is likely

ebbink, R. F. 2008, in Astrophysics and Space Science tyibil. 352,
Short-Period Binary Stars: Observations, Analyses, arsul®e ed. E. F.
Milone, D. A. Leahy, & D. W. Hobill (Heidelberg: Springer)32

that the future CV LTT 560 will belong to the SU UMa subclasgorotovic, M., Schreiber, M. R., Gansicke, B. T., & NebobiGéz-Moran, A.

of dwarf novae.
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