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Abstract. HD 163151 is discovered to be a new variable asfallowing telescopes were used: Raglrez, Garrido and Mdri
part d a W UMa system. In this paper we present completdereinafter RGM) collectedvby3 photometry using the six-
uvby light curves. Additional Crawford Bl and Johnson BV channel Sitmgren photometer attached to the 90 cm telescope
data are also obtained. A detailed photometric analysis basédhe Sierra Nevada Observatory, Spain; Akan and his group
on these observations is presented using the WD code. SevéE&E) collected Johnson BV and 8tngrenuvbyphotometry
tests have been carried out concerning mass ratio and effectiith a single channel photometer and the 50 cm telescope at the
temperatures. The best fitting was achievedwit= 0.27 and Ege University Observatory, Turkey; Papaand Nuspl (PN)
T,=6450 K (fixed) and T = 6130 K. Moreover, the light curves obtained BV data at Pisglsteto mountain station, Konkoly Ob-
show evidences of spots in one of the components. servatory, Hungary using a single channel photometer and 50 cm
telescope; Zerbi (FMZ), Luedeke (LUE) and Krisciunas (KK)
Key words: binaries: visual — stars: individual: HD 163151 -collected Johnson V data using single channel photometers and
stars: fundamental parameters — techniques: photometric telescopes of 50 cm, 30 cm and 15 cm, respectively, at Mer-
ate Observatory (Italy), Albugerque (New Mexico, USA) and
Mauna Kea (Hawaii, USA).

Besides HD 163151, two others comparison stars were used:
C1=HD 166095 as main comparison star and C2=HD 166976
During the course of a photometric and multicolor multisit8S check star. In some cases, HD 165760 was also used as ad-
campaign on the Dor variable HD 164615, the star HD 163150itional check star. The extinction corrections were based on
(HR 6676, BD +123283) was used as a check star, but iightly coefficients determined from the main comparison star.
differential photometry was discovered to be variable showidden, magnitude differences of each object with respect to C1
light curves similar to those of close binary systems, in particulgere calculated by means of linear interpolation. The obser-
a W UMa system, with a period of about’8.and luminosity Vations showed that, while the comparison stars kept constant
variation in the primary minimum of about'03. brightness, HD 163151 presented an undoubted photometric

In this paper we present a preliminary investigation of sua@riability in all the filters during every night as part of an eclips-

a star. As spectroscopic observations are not yet available i binary system (not pulsation), because only very small vari-
have used the Wilson-Devinney code to estimate the photorr@ions were observed in the corresponding colour indices. Con-

ric elements. Sect. 2 is dedicated to describe the observatififtions from each observatory provided different precisions
itself while Sect. 3 is devoted to analyze the light curves.  in the measurements but, during the observations reported here,

neither of the comparison stars showed any sign of variability
) within the observational accuracy throughout the observing pe-
2. Observations riod. The best contribution was that obtained by RGM, where

The multisite campaign was carried out during 1995, May fimultaneous measurementsuvbyor in the narrow and wide
July, from 6 observatories in three continents. Photometric méia channels were collected. In this case, the standard deviations
surements in Johnson B and V,&tigrenuvbyand Crawford’s OfmCZ'C1 were found to be of 8.0080, 00045, 070048 and

H; colours were obtained covering a baseline of 43 days. Te 0046 foru, v, bandy, respectively.

To transform the RGM data into the standaxdby’ system

* Tables 2 to 5 will be accessible only in electronic form at the CD&e have used the same procedure described inigaoel et al.

1. Introduction
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Fig. 1. uvbylight curves of HD 163151 relative to C1=HD 166095. The bottom panels in each graph show the corresponding light curves of
C2-C1

(1997). Then the other contributions were transformed to tMeble 1.Data for HD 163151 (photometry at phase 0.25) and the com-
standard system using the corresponding alignments includpagison stars

colour index terms in the equations. Standavtys indices for
HD 163151 and the two main comparison stars are given_n

Variable Comp. 1 Comp. 2

Table 1 together with relevant catalogue information for thes&!D no- legé% 166?7055 166976
stars. T_hese obtained Smgren_va}lues are in very good agree—oé1950 17'51m50 18806717 1810717
ment with those found in the bibliography (e.g. Hauck & Mer- S1050 11°08'28"  14°16'31"  12°22'46"
milliod 1990). Table 2 lists thevbydata obtained as magnitude | 37° 41° 40°
differences variable minus C1 in the standard system versus Hg- 18 16° 14°
liocentric Julian Day. Tables 3, 4 and 5 are similar to Table Zsp. type E5Vn A5m [=0y)
for Hg, Johnson B and V values, respectively. These tables ane 6.7172 67352 77562
available viaftp at the CDS and can also be requested from the +7 +4 +5
authors. b-y 0288 0091 0209
+3 +3 +3
m; 0.m175 0214 0™m175
3. Analysis of the light curves +2 +3 +4
C1 0.m546 17066 0868
3.1. Period 45 16 45
To determine the period of HD 163151, frequency analysis 0‘? 2 e:fg 2 ng 2 7f§

our data was carried out using the Discrete Fourier Transform

method, as described inbpez de Coca et al. (1984). When

the Fourier analysis was applied to the RGM data inktig-

ter, the periodograms showed peaks/al.24639 cd! (that cated at 2, corresponding to half a period. After subtracting
is, a period of P=08023), 2/, 3v,... with the main peak lo- the frequency and its harmonics, the resulting periodograms
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002 L ' ' - Table 6.Photometric elements for HD 163151
0-C
—0.02 | ' o S ’ B parameter u v b y adopted
i 84.0 83.7 834 84.4 83.9
+0.4
—0.15 - 4 TiuK) 6450
T2(K) 6117 6136 6131 6130 6130
440
Q1=Q9 2.316 2.316 2.315 2.313 2.315
+2
by Phase shift -0.0004 -0.0006 -0.0007 -0.0005
q 0.27
Ly 0.808 0.798 0.794 0.790
Lo 0.182 0.202 0.206 0.210
oto L A 0.410 0417 0420 0.425
e 0.000
L X1 0.78 0.74 0.68 0.60
o T X2 0.78 0.74 0.68 0.60
o 71T o 0.32
A(b—y) Oo 0.32
0.21 | _ Ay 0.5
, , Az 0.5
' ] ' Max. mag. -0.193 0.170 0.010 -0.186
-021 - rms mag. 0.0088 0.0072 0.0074 0.0056
A(u-b) r, pole 0.4824 0.4825 0.4827 0.4831  0.483
+1
o= , , - i point 0.6309 0.6309 0.6309 0.6309  0.631
0 0.5 +1
Phase ry side 0.5259 0.5261 0.5263 0.5269 j:Oi526
Fig. 2.y light curve and (b-y) and (u-b) colour index variations of r; pack 05571 0.5572 05575 0.5583 0.557
HD 163151-C1 together with the syntheyitight curve and residuals +1
using the adopted photometric elements (Table 6) r» pole 0.2737 0.2738 2.2740 0.2745 0.274
+1
ry point 0.3691 0.3691 0.3691 0.3691 0.369
did not show any trace of another peak, only white noise was +1
present in the residuals. Hence, it seems that there are no feside 0.2880 0.2882 0.2884 0.2890  0.288
maining periodicities in the light curves of HD 163151 or C1. +1
The same analysis was performed for the other filters and te back 03419 03422 0.3426 03440 i0i342

results were consistent in the sense that the frequency found

was always the same within 0.0001¢d The period, spectral

type and the continuous light variations outside eclipses indi-

cate that we are dealing wia W UMa eclipsing binary system.& Devinney 1971, Wilson 1983) as the most geometrically re-
Three times of light minima were obtained for the primary minalistic model. HD163151 is part of a visual binary (Fin 381)
imum at 24498784682, 24498864919 and 24498985045 which orbital period is of about 9 years (Baize 1992), being
using the method described in Raglrez et al. (1990) where the companion 0.2 mag fainter and 0.”1 distant. The companion
each light minimum is determined as average of the tadoy has thus been included in the diaphragm for all photoelectric
bands. Assuming a linear ephemeris witF2449890'5045 observations. Due to the lack of spectroscopic information, the
and P=08023, the RGMuvbydata were phased and plotted imifficulty in seeking for a photometric solution with the Wilson-
Fig. 1. All phases were covered at least twice. The bottom pabevinney method lies, mainly, in a reliable determination of the
els in each graph of Fig. 1 show the corresponding magnitugi@ss ratio g. Instead of utilizing the Wilson-Devinney differen-
differences of C2-C1. tial correction code with q as an adjustable parameter, we have
tried a set of discrete values of g. The value finally adopted
corresponds to the minimum appearing in theX{gVtxres’ )
plane. After some test runs with other configurations, we as-
The continuous light variations outside eclipses in HD16315umed that both components are in contact (MODE 3). We
are characteristic of a binary system which components adopted an effective temperature for star 1 (star eclipsed at min
appreciably distorted. In order to obtain the photometric elf-of 6450 K as estimated from the standard colour indices given
ments, we decided to use the Wilson-Devinney code (Wilstly Hauck & Mermilliod (1990) and using calibrations by Pe-

3.2. Synthetic light curves
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Fig. 3. Tri-dimensional representation of the
binary system at phase 0.25 showing a hot
spot (+) on the equator of the primary com-
ponent, with a longitude of 100and a spot
radius of 15

tersen & Jorgensen (1972) and Code et al. (1976). Theoretithls would locate the origin of the asymmetry on the larger
limb-darkening coefficients (x) derived byi&@-Cordoes et al. star since the eclipse is total. The observed differences between
(1995) have been adopted for the primary component. In MOiGth quadratures could then be reproduced by assuming either
3, limb-darkening coefficients of both components are forcedaocool spot on the trailing side (lower flux at phase 0.75) or a
be equal. The bolometric albedos and gravity-darkening exgmwt spot on the leading side (higher flux at phase 0.25) of this
nents assumed are those appropriate for convective envelofg@ger component. Obviously, with no other information than
(A1=A,=0.5 and g=0g,=0.32). In all solutions a circular orbit the light curves presented here, multiple combinations of loca-
was assumed. The light curves in each colour were analysie, size and intensity of the spot, can lead to equally acceptable
separately by using all individual observations instead of masslutions. After several tests, we found that the observed asym-
ing use of normal points. Several values of q (0.1, 0.15, O12getry is reasonably matched in all filters by assuming a hot spot
0.26, 0.28, 0.30,0.35,0.42, 0.5, 0.55, 0.6 and 0.65) were tes{@d,,.:/T1=1.03) located on the equator of the primary compo-
the adjustable parameters employed being: the phase shift,rthet, with a longitude of about 10@nd a spot radius of 25
inclination (i), the temperature of star 24T the potential2,;, Although the calculated light curve, including this spot on the
the luminosity of star 1 (L) and the third light ). primary component, reproduces better both the asymmetry of
Third light parameter was allowed to vary with the onlythe secondary eclipse and the observed difference in the height
initial, restriction of being< 0.578 §) as derived from the light of the maxima, the solution is far from unique and should be
at minima. Results are simply summarised: a minimum for tig@nsidered as rather uncertain. Fig. 3is a 3-D view of the binary
sum of squared light residuals was found around q=0.27 in 8yistem obtained with the Binary Maker program by Bradstreet
colours. The values of the other non-wavelength dependent pE291) at phase 0.25 showing the hot spot on the primary com-
rameters obtained at different colours, agree reasonably wefinent.
Thevalue of third light iry solution converges towardsd0.425, A very rough estimation for the absolute dimensions of the
which is consistent with the magnitude differensm=0.2 mag System can be made if we combine the photometric solution
reported in the Bright Star Catalogue (1982) for the visual corgiven in Table 6 with a mass for the primary component assumed
panion. Parameters for this contact configuration are listedfiam atypical mass-spectrum law. The physical and geometrical
Table 6. parameters obtained for each component in this way are com-
Fig. 2 shows the observed and calculated light curves ifPatible with the expected location for the primary and secondary
filter, corresponding to that photometric solution, together wifPmponents ba W UMa A-type system on the H-R diagram.
the residuals O-C and the observed b-y and u-b variations aldrgther improvement in our understanding of HD163151 can
the binary cycle. Some trends become apparent in the O-C plgtobtained from spectroscopic observations, in particular from
around phase 0.75. The observed lightlevel at second quadratf}feradial velocity curve. That would permit to verify the solu-
is slightly lower than at the first one. This effect is not unusufiPh given here and to calculate the absolute dimensions of the
in light curves of this kind and is attributed to the presenc/Stem.
of star spots on the surface of one or both components (Brad-
street 1985, Corcoran et al. ;991). We have me_lde afirst ?ttew.p&onclusions
to model the asymmetry by introducing a spot into the Wilson-
Devinney code input. The bottom of the secondary eclipse seehte discovery of a new W UMa binary system (HD 163151) is
to be not completely flat but showing a slightly negative slopeeported and completevbylight curves are presented. Crawford



924 E. Rodiguez et al.: HD 163151: a new W UMa type system

Hz and Johnson BV data were also obtained. A preliminary
analysis of the photometric elements was carried out by using
the WD code. The best fitting was achievedwit= 0.27 and
T,=6450 K (fixed) and § = 6130 K. The light curves show
evidences of spots in one of the components. We have explored
some possibilities on temperature and location of such spots
although a more reliable conclusion only will be possible when
spectroscopic observations would be available.
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