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Abstract. The active flaring binary CC Eri was studied viaand HK Agr (= GJ 890, 0.4 day), although several ultra-fast
multi-wavelength observations involving multi-based photomestators are known to exist within the local association (e.g. see
try and ground- and space-based spectroscopy. Combining eaefferies et al. 1994 and references therein).

spectroscopic data with the present implies an orbital period of CC Eri is a known flare star whose activity rate is at a level
P = 1.5615 days. Furthermore, the spectroscopic data suggestsa AU=1 mag flare every=12 hr (Busko & Torres 1976).
spectral types of K7 and M3 for the system. The optical ph@C Eri has been observed with the VLA, resulting in 6 cm flux
tometry indicated a small spot coverage in late 1989, consistarasurements 662 4+ 0.08 mJy and 1.34 mJy (Caillault et al.
with data taken a year later which showed CC Eri entering it988) and< 0.23 mJy (White et al. 1994). Itis also an infrared
brightest-to-date phase. source with a luminosity 0£2.2103° erg st at 12 um (Tsik-

Two flares were detected in the ultraviolet spectral dataudi 1988). In spite of its many interesting properties, CC Eri
These flares radiated.7103' erg and 1.6 103* erg in the is a relatively neglected object and had only a single ultraviolet
Civ line alone, each with a total estimated radiative energpectrum taken prior to the present data. This spectrum, in the
budget of~ 1036 erg. For the higher-temperature lines, suctUE long wavelength spectral region (1900-328Dyielded
as Civ, there was no systematic variability with phase. The Mgr resonance line luminosity that indicated a very high
lower-temperature lines show a slight indication of rotationédvel of chromospheric heating (Byrne et al. 1982). It is also
modulation. However, there is a much larger scatter in tlagpowerful X-ray source, having been measured with Einstein
individual measurements of the NMigand Civ fluxes than (Schmitt et al. 1987)gxosAT (Pallavicini et al. 1988, 1990)
would be expected from measurement errors alone, consiseami ROSAT (Pan & Jordan 1995), yielding X-ray luminosities
with an atmosphere showing continual small-scale activity. betweerog Lx = 29.2 and 29.8ergs.

In this paper we report on simultaneous optical and ultravio-

let spectroscopy plus photometry of CC Eri taken in November
Key words: stars: activity — stars: binaries: spectroscopic $989. Based on these data we examine the orbital solution of
stars: chromospheres — stars: individual: CC Eri — stars: latke binary system and discuss the energy balance in the star’s
type — ultraviolet: stars magnetically heated chromosphere and transition region, in both
quiescent and flaring conditions. The ultraviolet data was sup-
plemented with more recent data from the extreme ultraviolet
region. We also examine the evidence for rotational modulation
in the optical and ultraviolet line emission. Preliminary results
CC Eri (= HD16157 = CDB-44°775 = GJ 103) is a 1.56 daywere given by Byrne et al. (1992).
spectroscopic binary with a mass ratice? (Evans 1959). The
primary is a K7Ve and co-rotates with the orbital motion, as
shown by its light variations (Bopp & Evans 1973). As such, § opservational data
is one of the most rapidly rotating late K solar neighbourhood
dwarfs known. Others include, YY Gem (= GJ 278c, 0.8 day}1. Photometry

1. Introduction

Send offprint requests t®.J. Amado The optical photometry was carried out on the 1.0m telescope
* Present addressinstituto de Astrofsica de Andalu@-CSIC, at the South African Astronomical Observatory at Sutherland
Apartado 3004, 18080 Granada, Spain (pja@iaa.es) during October/November 1989 and at the European Southern

** Deceased Observatory’s 0.5mtelescope at La Silladuring December 1989.
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Table 1.UBV(RI). photometry from the South African Astronomical ObservateryAo) and the European Southern Observataso). Mean
magnitudes and colours for the local comparisons used are also given. Phases are according to the 2gh@n9i5293 + 1.56145F.

SAAO

HJD(2440000+) Phase V U-B B-V V-R V-I Comment
7834.2990 0.3559 8.756 0.969 1.362 0.894 1.819 Flare?
7834.4640 0.4616 8.775 1.098 1.372 0.898 1.829
7834.5780 0.5346 8.776 1.097 1.370 0.897 1.826
7835.3000 0.9970 8.751 1.121 1375 0.892 1.814
7836.3010 0.6380 8.768 1.110 1.377 0.895 1.816
7836.4360 0.7245 8.764 1.116 1.380 0.896 1.820
7837.2890 0.2708 8.780 1.100 1.380 0.893 1.820
7849.2970 0.9611 8.746 1.078 1.373 0.893 1.813
7849.5380 0.1154 8.764 1.130 1.371 0.894 1.822
7850.4880 0.7238 8.752 1.104 1372 0.892 1.813
7851.3000 0.2439 8.769 1.070 1.376 0.893 1.820

HD15567:V'=8.695, (3-V)=1.597, /~B)=1.952, {/—R).=0.934, {/—I).=1.963
HD16651:V=8.132, (B-V)=1.167, {/~B)=1.064, {/~R).=0.596, {/~I).=1.144

ESO

HJD(2440000+) Phase V U-B B-V V-R V-I Comment
7869.6730 0.0105 8.741 1.128 1.372 0.870 1.805
7870.6610 0.6432 8.748 1.116 1.373 0.868 1.814
7872.6280 0.9029 8.735 1.117 1.364 0.870 1.810
7873.6510 0.5581 8.762 1.144 1.370 0.867 1.816
7874.6501 0.1980 8.761 1.131 1.380 0.867 1.811
7876.6824 0.4995 8.774 1.132 1390 0.872 1.823
7878.6744 0.7752 8.745 1.115 1.375 0.865 1.815
7879.5957 0.3653 8.767 —— 1.384 0.873 1.819 [Nband mesured
7882.6313 0.3094 8.762 1.132 1376 0.873 1.811
7885.6437 0.2386 8.759 1.127 1.378 0.866 1.811
7888.5520 0.1012 8.759 1.136 1.372 0.879 1.818
7888.6186 0.1438 8.764 1.136 1.373 0.876 1.814
7888.6603 0.1705 8.764 1.132 1.374 0.871 1.813

HD16371:V'=8.09, (B-V)=0.90, {/~B)=0.57, (/~R)¢=0.47, (/~I).=0.92
SA02159451'=9.73, (B-V)=0.39, /~B)=—0.01, (V=R)¢=0.22, (/~I).=0.44

2.1.1. Photometry—European Southern Observatory of the order of 0.01 magnitudes (see Cutispoto 1995 for further

The observations of CC Eri(= variable star) at theso were details).

carried out over the period 9-28 December 1989 using a 0.5m . _
telescope equipped with a single-channel photon-counting pRel.2. Photometry—South African Astronomical Observatory

tometer, a thermoelectrically cooleaA 31034 GaAs photo- The saao data were obtained between 3—10 November 1989

![T]ultllelgrlaGr;d?itangasriscc)) éllltgsr)s‘l?atchlng th deJ BV(RI) SYS” with the 1.0m telescope and the St. Andrews photoelectric pho-
em. an were used as comparlf)ont meter. CC Eri was observed together with local comparison

and (.:hECk ¢k) star, respec_tively. E_ach measurement of a S'&ars HD 15567 and 16651, and reduction ofttH&/(RI). ob-
;:o?hs '569%0{/10_}5 1'|S€C mtegratloni\m eaclh I'Ite[)’ aCCO:_d'Qgrvations was carried out using E-region standard stars from
0 the t_d _f —R-. Ct(') ?ur seqllience. comp e; € I(:) ser;/ha '9the compilation given by Menzies et al. (1989) and conventional
consisted of sequentiary-v-v-ck-aneasurements. 7rom Nes , , , requction procedures. Mean values for the local compar-

data, gfter acc_urate sky subtraction, thweeand oneck-cdif- isons are given in Tablg 1 and were used to differentially correct
ferential magnitudes were computed; the threevalues were the CC Eri data

finally averaged to obtain one data point. The observations were
corrected for atmospheric extinction and transformed into the .
standardJBV(RI). system. The typical data point error for the2.2. Optical spectroscopy

differential photometry is of the order of 0.005 magnitude%C Eri was observed with the University College London

with somgwhat larger values in the U-band due to the low phl?,'chelle SpectrographyCLEs) on the Anglo-Australian Tele-
ton counting level. The accuracy of the absolute photometry is
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Fig. 1. An example of spectra taken with thecLes on the Anglo  gig 5 3 MeanLwp andb swp 1UE spectrum of CC Eri outside of
Australian Telescope in the region of Gad and H. A 4-gaussian fit flaring andc swp spectrum of the flare event on 4 November.
plus continuum is also shown, where the centres of the gaussians are

indicated by dashes.

yielding two spectra per image. This was done to maximise the

scope AT). The ucLs was equipped with a 31.6 groovesamoum of data collected since the spacecraft readout overhead

mm-! echelle grating and arc ccp (256x584 pxl) which was comparable to the exposure time. A further efficiency was
give an effective resolution of R 55 000. The spectra covered gained by alternating long and Shof‘ wavglength spectra, in suph
a number of non-contiguous spectral regions froBBGOA to a way that one camera was exposing while the other was being

~4165A. Data were obtained on three consecutive nights ead. A full log of therur spectra will be found in Tabldd 2 and

4 November 1989 but clouds affected all three nights at sof] 'eThe speptra were extracted an(_j ﬂL.JX calibrated fromie
) . : : . images using the programebpr (Giddings 1983). They were
time during the observations. An exposure time of two minutes

was set for all the spectra, which were obtained whenever § v rSOUl)rjaerflt)?Sstg (aHgsvgr%agﬁﬁ?asqggglngh?src;(;:ggtﬁnusmg
conditions allowed in a continuous cycling mode. This observ- prog y ' 9

) T was such as to be consistent with the known resolution of the
ing strategy was adopted to ensure good discrimination agains . .

. . . .spectrograph. An example of the smoothed spectra is shown in
short-lived flare events, although it gave a low signal-to-noi

ratio, which made it difficult to measure the photospheric a 913, \_Nhere emission Ilne_s are |d_ent|f|ed._The|_r fluxes were
sorption lines. etermined by fitting gaussian profiles, again usimgso, by

The datawerereduce sing h asronomical compu S5 SI0STEE s o e oedess ot et e e
environment,IRAF (Tody et al. 1986), available on thex ' i€ g ' 9

. . luxes are found in Tablés 2 3.
STARLINK astronomical computing network (Bromage 19845. The spectra in Fig2 shoﬁ number of emission lines typ-

A sample spectrum in the region of the a/He chromo- .ical of active stars, including, in thewp region, the Mgt

spheric emission lines is presented in Elg. 1, where gaussigans o :
were used to produce the fit shown in the figure as a solid “%Zand K QA 2796/2803) and the strong Fa lines near

: 600 A and, in theswp region, the Qv (A\1548/1551 A),
gl?r?gbé??r?é 2?:#;;8:1 Tneeitar can be clearly seen from the dolir™ '\, 545"1356 &) and Heur (\640 A) lines. As can be

seen in the lower panel of Fig. 2, in addition to a greatly in-
creased Qv line emission, there is a sizeable continuum flux in
2.3. UV spectroscopy theswp spectra SWP37513B, indicating a large flaring event.

CC Eriwas observed on the 2, 3 and 4 November 1989 using Pﬁans on the line fluxes of this flare and another two are given

UV spectrograph on board the International Ultraviolet Explor ablel, where the fluxes ha_\ve been comput_ed by subiracting
(tuE) satellite with both the long{vp; 1900—3200"\) and short et qay (W't.hOUt the flares, in Tble 2) from
(swp; 1150—-195@) wavelength cameras. The star was movetge total flux measured in the lines.

between two positions at either end of the spectrograph slit thus
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Table 2.1UE swp emission line fluxes at Earth for CC Eri between 2—4 November 1989. A mean flux and associated variances are given for
each line on each date. A second mean is given in brackets, where appropriate, which excludes those points flagged as flares in the Comments
column. Phases are according to the ephenzetisr 129.5293 + 1.56145E. The notationip2, Jp3 andJjp4 refer to data taken on 2 Nov., 3

Nov. and 4 Nov. respectively.

IUE Image JD Phase Line Flux@0~*® erg s~ cm™2) Comment
Number 2447 830.0+ M Civ Her1r Cu Sin

1238/124RA 1548/1551A  1640A  1335/1336A 1808/1820A7
SWP37500A 2.6913 0.326 2.97 5.15 1.71 4.31 1.70
SWP37500B 2.7188 0.344 2.42 6.20 1.30 5.30 1.93
SWP37501A 2.7810 0.384 3.19 9.45 1.82 5.83 2.21 Flare?
SWP37501B 2.8100 0.402 2.58 7.60 1.30 5.52 1.93
SWP37502A 2.8685 0.440 2.37 7.14 2.41 5.51 2.43
SWP37502B 2.8965 0.458 1.79 5.87 1.74 4.93 1.20
SWP37503A 2.9576 0.497 2.01 5.59 1.48 4.57 2.37
MeanJjp2 2.48(2.47) 6.71(6.26)  1.68(1.56)  5.14(5.02) 1.97(1.93)

+0.49(0.49)  1.47(0.94) 0.38(0.42)  0.55(0.51) 0.43(0.45)
SWP37506A 3.4511 0.813 1.62 5.65 1.69 4.37 1.36
SWP37506B 3.4789 0.831 2.15 11.92 1.58 6.50 2.30 Flare
SWP37509A 3.7313 0.992 3.07 7.67 1.90 4.23 2.28
SWP37509B 3.7654 0.014 1.54 6.46 1.46 3.91 2.17
SWP37511A 3.9389 0.125 1.54 3.49 0.98 1.78 0.97
SWP37511B 3.9843 0.154 1.18 3.99 0.86 2.75 1.17
Meanip3 1.85(1.79) 6.53(5.45)  1.41(1.38)  3.92(3.41) 1.71(1.59)

+0.67(74) 3.06(1.73)  0.41(0.45)  1.61(1.11) 0.61(0.60)

SWP37513A 4.2549 0.328 1.87 5.47 1.39 4.07 1.91
SWP37513B 4.2858 0.347 2.93 13.47 3.63 7.36 4.24 Flare
SWP37514A 4.3355 0.379 2.09 5.35 2.00 4.86 1.96
SWP37514B 4.3780 0.407 2.33 8.77 1.91 6.68 3.06
SWP37515A 4.4433 0.448 2.54 6.41 1.47 4.83 1.78
SWP37515B 4.4767 0.470 2.10 7.85 2.09 6.35 2.25
SWP37516A 4.5457 0.514 1.96 5.96 1.23 4.64 1.91
SWP37516B 4.5770 0.534 1.52 5.24 1.31 4.35 2.14
MeanJjp4 2.17(2.06) 7.32(6.44) 1.88(1.63) 5.39(5.11) 2.41(2.14)

+0.43(0.33)  2.79(1.37) 0.78(0.36)  1.22(1.00) 0.84(0.43)
Overall Mean 2.18(2.08) 6.89(6.10)  1.68(1.57)  4.89(4.61) 2.06(1.92)

+0.56(0.52)  2.42(1.34)  0.58(0.40) 1.29(1.14)  0.70(0.51)

2.4.EUVE Fluxes 3. Results

CC Eri was observed by the Extreme Ultraviolet Explore3.1. Contemporaneous optical photometry

(EUVE) in September 1995 (Bowyer & Malina 1991). The ob- . . . . .
servations were carried out with the Deep Survey/Spectrom TQ(?SAAO andeso data are given |n_Tab 1 while the resulting
t and colour curves are shown in Higy. 3.

(DS/S) assembly fox 160 ksec. Theuve data were analyzed : From the data it was obvious that there were some small
and corrected for instrumental effects usingither-basedcuv . . : . .
differences in the transformations and zero-point corrections

softwareecocs 1.6 and EGopaTA 1.11 (Miller & Abbott :
) . between the two datasets, which could have been made worse
1995). Further analysis of the extracted spectra was carried oU : .
the use of two different comparison stars. Therefore, and

using therpso package. Emission line fluxes were determines nce it was not possible to directly compare the mean colours
by fitting gaussians to the observed line profiles. The fluxes wél P y P

corrected for interstellar attenuation assuming a mean hydro@fﬁgeos,‘ltar:]gt tr:?jde;:'? ﬂ(}ti;e)rvgngzrgr:i, (‘Vﬁf }S%?'ftaerizﬂﬁ)ggtﬁ]
density of 0.05 cm? resulting to a column density ef 2x 1018 y 0. 9 e c ’

atoms cni? at the distance of CC Eri (Zombeck 1990). h& ~1e, With no correction in §—V). These shifts result when
choice of this column density for CC Eriis in agreement with th;gerﬁgmga;itgg]g?gi CL:]Z:(E’OWlhéC:rmﬁgg gastgsztns dha\éer;he ire
database of column densities of Fruscione et al. (1994). Giv?1e sta\; touhavelat thesg hases; for bo?h dataséts ,thelsfavl\(ﬁgg ( qui
the proximity of the source, a factor of two uncertainty in th P )

—R). and (V-I).. colours respectively.

hydrogen column density will only produce a 16% uncertain
in the line fluxes.
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Table 3.1UE LwP emission line fluxes at Earth for CC Eri between 2—-4 November 1989. A mean flux and associated variances are given for
each line on each date. Phases are according to the eph@m¢Ti$29.5293 + 1.56145E. The notationnp2, I3 andip4 refer to data taken
on 2 Nov., 3 Nov. and 4 Nov. respectively.

1UE Image JD Phase Line Flux@0~'* ergs! cm™2) Comment
Number 2447 830.0+ Mg Ferr
2796/280RA 2600A
LWP16719A 2.6628 0.3080 42.00 1.46
LWP16719B 2.6779 0.3177 41.38 1.40
LWP16720A 2.7612 0.3710 40.69 1.46
LWP16720B 2.7690 0.3760 43.44 1.27
LWP16721A 2.8529 0.4298 45.49 1.67
LWP16721B 2.8590 0.4337 46.61 0.88
LWP16722A 2.9417 0.4866 42.51 1.01
LWP16722B 2.9479 0.4906 44.33 1.56
MeanJp2 43.31 1.34
+1.92 0.25
LWP16727A 3.5216 0.8580 31.16 1.27
LWP16727B 3.5282 0.8622 30.40 1.04
LWP16730A 3.8163 0.0468 34.29 1.15
LWP16730B 3.8238 0.0516 32.34 1.01
Meanip3 32.05 1.18
+1.47 0.10
LWP16734A 4.3187 0.3685 49.74 1.38 Post-flare?
LWP16734B 4.3271 0.3739 46.62 1.61
LWP16735A 4.4054 0.4240 47.37 1.49
LWP16735B 4.4135 0.4292 48.38 1.13
LWP16735A 4.5103 0.4912 53.27 1.20
LWP16736B 45179 0.4961 49.37 1.88
LWP16737 4.6055 0.5522 44 .99 1.47
MeanJp4 48.53 1.45
+2.54 0.23
Overall mean 42.86 1.33
+6.39 0.25

Table 4. The CC Eri flare line fluxes at Earth.

1UE Image JD Phase Line Flux(@0~*® ergs* cm™2)

Number 2447 830.0+ N Civ Hen Cu Sin
1238/124A 1548/1551A 1640A 1335/1336A  1808/1820A

SWP37501A 2.7810 0.384 0.72 3.19 0.26 0.61 0.28

SWP37506B 3.4789 0.831 0.36 6.47 0.20 3.09 0.71

SWP37513B 4.2858 0.347 0.87 7.03 2.00 2.25 2.10

There is a slight evolution between theao data (and prob- curves are clearly correlated with it, although their amplitudes
ably also within it) and theso data taken almost a month laterare very small.
A low amplitude modulation is visible ifr with a peak-to-peak
variation of~ 0.035 and a mean value of 8.764 for theao 3.2. Orbit and system parameters
curve. These data show, within the errors of the photometry,
no modulation in B-V') and (/—R). and only small variations Radial velocities have been determined fromiCH and K
in (V-I). weakly correlated with the light curve. The largesfor the primary and secondary components of the binary using
variation, larger than the intrinsic errors of the photometry, the taskexcor within IRAF. The spectra were cross-correlated
present in thel{—B) colour with an amplitude of 0.05 mag. with one of the spectra taken on November 4, which had a
Therso data, taken one month later, appear brightérithan high signal-to-noise ratio, as no radial velocity standards were
thesaao data. The double-peakédlight curve shows an am- observed. The velocity residuals for the primary measurements
plitude of ~ 0.040 with a mean value of 8.757 and the colouare of the order ofv 2 km s™! and up to 8 km s! for the
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the time baseline and, thus, improve the fit, we obtain a period

05 of P = 1.5615 days. This is the value for the period we have
Phase used in the calculations of the minimum massess(n® i) and
separations given in Takilé 5, where we compare Evans’ solution
with our own. The radial velocity data are plotted in Fig. 4 with
our orbital solution. The mass function of the system is

o
o
—
o

Fig. 3. Light and colour curves for CC Eri based srA0 data taken
between 3-10 November 1988i@ingleg andEso data taken 9-28
December 1989sguare$. The filled circles indicate the point which

records the flare of 4 November. Phases are those from[Table 1. m3sin i
s —18.3191073,

Table 5. The orbital solution for CC Eri of Evans (1959) compareo(mp +ms)

with the present results. wherem,, andm, are the masses of the primary and secondary
respectively.

Evans Present work

S%r('rcr’ldsfq)) 3451%25 1'_5615 3.3. Emission line fluxes

K, (kms™) 37.77 37.185 Line fluxes from Tables 3 and 4 are plotted in Figs.5 ahd 6
K (kms™') - 69.289 against phase, where this has been computed from the ephemeris
w 065861 ao JD=2447129.5293+1.5615E. Itis readily apparent that these

e . .

line fluxes are variable. The data cover phase intervalsgpf:
0.179 onJp2 (2 Nov), 0.193 onp3 (3 Nov) and 0.184 onp4
(4 Nov). Due to the almost day and a half orbital period of the

apsini (km) 8.10010°  7.98410°
assini (km) 15.7110°  14.87810°

mplms 1.94 1.863 . - - . .
mp sin® i 0.1462 0.1271 system, the third data set coincided in phase with the first one.
mesin®i 0.0753 0.0682 Itwill also be noted from Tabléd 2 apH 3 that the flux of all the

emission lines is systematically lower en3 than on either of
the other dates. This is most obvious in the case of thellitges
secondary. These residuals were used as standard errors ifbtité can also be seen throughout. Even atthe same phases, there
weighting of the least-square orbital fit. is evidence, at least in the Mgfluxes, of a change in the mean

We obtained a preliminary orbital solution, using Evanievel after only two rotations (fronp2 to Jjp4). The mean Mgt
(1959) orbit as a first guess. Fixing his value for the velocitine flux at Earth is approximately.310~'2 erg s* cm~2,
of the centre of mass of the systemresulted in a value for comparable to that found in 1979 by Byrne et al. (1982) and
the orbital period ofP = 1.54539 4 0.00171 days (the eccen- that of the Qv line is~ 6.1107'3 erg s'! cm™2, excluding
tricity was fixed equal to 0). If we add Evan’s data to enlargbe two flare points.
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30k IU‘E . BN | ] alone ¢ 10%). The only feature that seems to repeat in the flux
ook L MR curve is a dip in the flux of the Felines, which can be seen at
TE e . * 0, . 1 ¢ ~ 0.45 for both theyp2 andJp4 data.
1.0 F " 3
0.0;l}l11}111}111}111}111}1; 3.4. Flares
15.0 F « flare cv .
T100E R *flare E The Crv (A\1548/1551A) line, the strongest in thewp spectra
sz - 7 o ] @AOE &, . e 7 _(after Ly «), has two widely d_iscrepant pointg. The first of these
3 T |satphas§0.347 OJp4, Whllethesgcond |satpha§e 0.831
;“40'8;‘ L L L L onJn3. This Civ flux increase onn4 is also seen in virtually
a0k * Hell 3 all of the other prominent lines. That on3 is only obvious in
Saok wee . 3 C11. These were two discrete flares, marked as such in the C
Zioe " .. ERRNE RO = E line flux plot (Fig[®). The corresponding points in thei@nd
80.0 F—+——— Si1l line fluxes are also marked.
= 904 * cu -
v 60 alas : E 4. Discussion and conclusions
S 40F o ® “o o 5 4
s0kb ,° E 4.1. Physical parameters of the binary system
0.0 T Y S from the orbital solution
40f x Stk 3 Before we can determine surface line fluxes, we must deter-
i ... ] mine a value for the radii of the two components of the system.
2op péeot e <] If we take the spectral type of the primary as K7.5Ve and its
0.0l R R B mass (Schmidt-Kaler 1982) as 0.57-Mthen the companion
0.0 0.2 0.4 0.6 0.8 1.0 is of mass 0.306 M or spectral type M3.5Ve. The radii are
Phase (Schmidt-Kaler 1982Rp = 0.645 R, andRs = 0.41 R,

Fig. 5.1UE swP emission line fluxes versus phase. From top to bottork)sing the effective temperaturé.g and the visual absolute
N v, C1v, Heir, Cirand Sitt line fluxes plotted against phase. Trianglesnagnitude, My, Glebocki & Stawikowski (1995) inferred a
represent the data taken on 2 Nov, squares on 3 Nov and pentagonsdius of R = 0.61 R . The spectral types match those derived

4 Nov. from the colours for another epoch (K7V + M3V) by Cutispoto
N S (1998).
F U LwP . Mg I ] Pettersen (1983) gavewg,, of 19.8km s, which yields
50.0 |- tqt = a radius ofRp = 0.61 Ry. Bopp & Evans (1973) assumed a
- r arot ] vsini of ~ 15, which yielded a minimum radius d&p sini =
 40.0 -
N o 1 0.46 Re.
EsoofF " . . The mean flux ratio at Earthp(CaH)/[EFs(CaH) on 2 Nov
g L was measured as 2.6. Assuming the radii as derived above, the
= 200 00 0.2 0.4 0.6 0.8 1.0 ratio of the areas,Kp/Rs)? = 2.47. Thus, within the errors,
S the CaH brightness of the components is similar.
?201 B T IRNE
LR L rell 4.2. Spot distribution
1.5 20 % o —
E - "2 0 © : ] Comparing the photometric data of CC Eri taken before and
B : E after this observing run (Cutispoto 1991, 1992; Cutispoto &
0.5 F = Leto 1997), it can be readily seen that the star was in the
0.0 S S I process of becoming brighter; in fact, almost a year later (in

0.0 0.2 0.4 0.6 0.8
Phase

—_
(=}

September 1990) it reached the brightest maximum ever ob-
served, namely/ = 8.70 magnitudes (Cutispoto & Leto 1997),
Fig. 6. 1UE LwP emission line fluxes versus phase. The M@upper which is even brighter than thE = 8.71 observed in late
panel) and Fe line fluxes (lower panel) are plotted against phasd.958 by Evans (1959). Phillips & Hartmann (1978) reported
Symbols are as in Figl 5 photographic magnitudes from the Harvard plate collection of
CC Eri and found a value for thB filter at maximum bright-
ness of Bh.x = 10.03. If we calculate the corresponding
There is no clear evidence of a systematic behaviour of thg,.. for the 1990 epoch (Cutispoto & Leto 1997), we ob-
line fluxes with phase, partly due to the gaps in coverage, lain B, = 8.70 + 1.35 = 10.05, which is, within the errors
there is a much larger scatter in the individual measurementbthe photographic measurements, the same as the maximum
the Mg flux than would be expected from measurement errogésen by Phillips & Hartmann (1978). That the star was near its



166 P.J. Amado et al.: XX. Rotational modulation and flares on RS CVn and BY Dra stars

9 31

Table 6. EUVE line fluxes in erg s cm™ ! o

9 CC Eri
: Fe XIX \108
Spectral line Flux e XX 133 |

30 — X
Fexvii 93.92A 1.110713 Si 11, 1820
Fexix 108.37A 1.010713
Fexx/xxm132.85A 1.9 10*12 2 | o 1ass T VI 94
He1r 304A 8510~

" Fe XXIII 133

Log EM

28 - B

unspotted magnitude together with the very small amplitudes | NV 1238 ]
we measured in the light and colour curves, point towards the
idea of a reduced coverage of spots at the 1989 epoch. ¢

The fact that the mear magnitude was fainter in thv Ao " 1
data than for thezsso data (taken one month later) could be . | | ! ! !
explained by the star becoming brighter towards its historical 4 5 6 i
maximum. The large intrinsic variation of th&/£B) saA0 log Te

data could be explained by the appearance of hotter, brig 7. The emission measure curve for CC Eri based ontimeand

material on th('_:‘ atmosphere of one of the stars (e.g. a. ﬂ%@vE data in TableEI2 arld 6 respectively. Note the data gap between
or plages), which could produce temporary bluer ultraviolgl, 7, — 5.5 and6.5.. see text.

colours (Amado & Byrne 1997). This scenario coincides with
the flaring state at which the star was duringgheo observa- 30
tions.

i C IV 1550 B

Radiative output for CC Eri

4.3. Ultraviolet line fluxes and evidence

for rotational modulation SR

e}

The individual flux measurements of the Mgesonance lines o

give some small evidence of a modulation in anti-phase witfi

the optical variation. This would perhaps confirm earlier results

that chromospheric emissionis correlated in ageneral sense withs - i

optical spots. However, the lesser modulation of the broadband

optical illustrates that the area coverage in the two are not related
on a one-to-one basis.

Comparing the line flux variations with the broadband V
light curves, we note that the contrast in the Mgmax-to- 2" —, . . .
min) is much largerx 40%, than in V,~ 5%. The evidence
for modulation of the higher temperature lines, i.e1SC11
and CIv resonance lines, is much weaker. Any variation hefég. 8. The radiative losses (in erg $) from the chromosphere, tran-
is dominated by intrinsic variations, which axe 50%, much sition region and corona of CC Eri as a functiorief 7. The region

log T

greater than typical errors of measurement!(—20%). betweerio_g T. =5.5 and_6.5 is t_Jncertain due to the lack of 5969”5“
The lack of detectable modulation inrC due to the pres- Iflnest.and its shape here is dominated by the shape of the radiative loss
ence of a large scatter, possibly due to low level flaring, is iH"""™

keeping with previous results for the stars BY Dra and AU Mic

(Butler et al. 1987). cooling curves of Cook et al. (1989). Brickhouse et al. give the
split of the line at 133 as 33% Fexx, 67% FexxIII assuming

a constant EM. However, such a divide implies thexikepoint
significantly below that of Feix. For the EM points as given
Based on theur andeuVE lines fluxes of TablEl2 and TaHllé 6in Fig.[4 we adopted a 50:50 split. Due to the lack of lines,
respectively, an emission measure (EM) curve (sedFig. 7) qaarticularly in the mid-to-upper transition region, we simply
be constructed using the atomic data as givenin Doyle & Keerfitted a series of linear fits for the outline of the assumed EM
(1992a) and Brickhouse et al. (1995). Then from the adoptedrve. The correct shape of the EM curve in this temperature
EM curve (this is actually a set of loci which give upper limits toegion is therefore unknown. From these fits we estimate surface
the actual EM distribution), we can estimate the total radiativadiative losses of 5.6 107 erg s'! cm~2 in quiescent, giving
losses from the upper chromosphere to the corona (i.e. ot@ml losses over the whole surfacedf 10%° erg s™*. The total

the temperature rangel < logT. < 7.1) by multiplying the radiative losses as a function of temperature is shown i Fig. 8,
EM by the radiative loss function. Here, we used the radiatitiee shape of this figure is largely dominated by the radiative loss

4.4. Emission measure and quiescent radiative losses
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function, although the second high temperature peak reflectsphager. A lot of this work could not have been achieved without the
107 K coronal temperature of CC Eri. In the construction of theffort and determination of our late colleague Brendan Byrne who's
EM curve we used thaipparcos distance of 11.51 pc anduntimely death occurred before this paper was completed.
a stellar radius 00.65R,, i.e. we assumed the emission was
from the K star. References
An alternative method of obtaining an estimate of the to-
tal radiative losses (chromospheric, transition region and cofgrado P.J., Byrne P.B., 1997, A&A 319, 967
nal) is to use a relationship derived by Bruner & McWhirtePOPP B-W., Evans D.S., 1973, MNRAS 164, 343
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