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Abstract. New radial velocity measurements of the Algol-type eclips-
ing binary BD +52 °2009, based on Reticon observations, are presented.
The velocity measures are based on fitting theoretical profiles, gener-
ated by a physical model of the binary, to the observed cross-correlation
function (ccf). Such profiles match this function very well, much bet-
ter in fact than Gaussian profiles, which are generally used. Measuring
the ccf’s with Gaussian profiles yields the following results: m,sin®: =
2.55 % 0.05mg, mysin®i = 1.14 & 0.03mg, (ap, + a;)sini = 7.34 + 0.05Rg,
and mp/ms = 2.23 + 0.05. However, measuring the ccf’s with theoreti-
cal profiles yields a mass ratio of 2.33 and following results: m,sin®i =
2.8440.05mg, m,sin® ¢ = 1.2240.03mg, (a, + a,) sini = 7.56 £ 0.05 R,
The system has a semi-detached configuration. By combining the solution
of a previously published light curve with the spectroscopic orbit, one can
obtain the following physical parameters: m, = 2.99mg, m, = 1.28mg, <
T, >= 9600K, < T, >= 5400K, < R, >= 2.35Ry, < R, >= 2.12R;.
The system consists of an AQ primary and a G2 secondary.

1. Introduction

The Algol-type eclipsing binary BD +52°2009 (« = 16"54™,§ = 52°51’, (1900),
A0 + G2) has been the object of some photometric and spectroscopic studies.
Light curves were published by Cester (1959), Mauder (1962), Winiarski (1971)
and Mezzetti et al. (1980). Radial velocity curves were presented by Mauder
(1962), Ebbighausen (1967) and Duerbeck & Teuber (1978). Olson & Weis
(1974) pointed out some evidence of gas streams in the system and gave the
secondary spectral type as F7. Duerbeck & Teuber (1978) adopt F9. The
reason for investigation is that in the Eighth Catalogue of the Orbital Elements
of Spectroscopic Binary Systems {Batten, Fletcher, & MacCarthy 1989), some
elements of BD +52°2009 are not determined, and this leaves some questions
remaining about them. By detecting and measuring the radial velocities for
both primary and secondary, one can derive the component masses and hence
get a better view of the object. In fact the results show that cross-correlation
is a reliable and fast method for measuring the radial velocities, particularly for
the poor signals which are hard to detect. For some examples one can refer to

'Ed. note: this paper was substantially revised by C.D.S.
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Figure 1.  Sample Gaussian fits to some typical ccf’s. A digital profile
derived from an observed ccf of a spectrum is fitted to each curve. The
secondary is detected in each case.

the papers by Hilditch, Hill, & Khalesseh (1992), Ahn, Hill, & Khalesseh (1992),
Hill & Khalesseh (1993), Hill, Perry, & Khalesseh (1993), and Hill et al. (1994).

2. Observations and reductions

The observations discussed here were made between 1986 and 1987 with the -
Dominion Astrophysical Observatory’s (DAQO) coudé spectrograph on the 1.2
m telescope by Dr. Graham Hill of DAO. All were taken with an 1872-element
Reticon array at a dispersion of 20 Amm~!, and the exposures were limited to 30
min (0.012 in phase) to minimize the effects of phase smearing. For all of these
spectra the typical S/N ratio is > 100 :1 and the full-width at half-maximum
(FWHM) of an arc line is ~ 0.9 &. The data were linearized in wavelength, 0.3 A/
pixel (over the spectral range AA4000—4500 A, and normalized to the continuum
using the program REDUCE for use with VCROSS (Hilditch et al. 1992) in the
cross-correlation process. Two stars were used as reference or comparison stars
for the cross-correlation: Vega (HR 7001, AOV, v sin i = 15 km s~1; RV = ~14
km s~1) for the A-type component and HD 154417 (F8.5 1V-V, RV = —17 km
s~1) for the presumed G-type subgiant. Both of these stars were successfully
used by Khalesseh & Hill (1992) with no problems with this choice. As it is not
possible to measure a single cross-correlation function (ccf) for both velocities
because of disparity in spectral types, the velocities were derived independently
from ccf’s generated by each reference star in turn.
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3. RV measures

3.1. RV measures from Gaussian profiles

The respective peaks were initially measured by fitting a Gaussian profile to
each peak. The procedures followed here have been outlined in VCROSS and
by Hill & Khalesseh (1991). The radial velocities result from the fitting of
Gaussian profiles to successive cross-correlations using Vega and then HD 154417
as standards. The ccf’s were all right with both the standards, and this permits
the weighting to be the same for both components. The rms’s for the primary
and secondary velocity measurements were 0.015 and 0.021 respectively. In Fig.
1(a,b,c,d) some samples of the Gaussian fit to some typical ccf’s are shown and
one can see the detection of the secondary.

3.2. RV measures from synthetic profiles

A series of synthetic line profiles from the binary model employed in the light-
curve solution can be generated, using the photometric data from Cester (1959)
and the newly determined mass ratio. The procedure described by Hill, Fisher,
& Holmgren (1989) was followed. These profiles represent the shape of the
ccf’s better than the Gaussian ones, since they are hybrids, combining both
rotational and Gaussian profiles. The synthetic profiles for each phase at which
the spectra were available have been calculated. These profiles were used to fit
the appropriate component of the ccf, for each comparison star in turn. The
rms’s for the primary and secondary velocity measurements were 0.015 and 0.017
respectively. The individual velocities are available from the author.

4. Results

4.1. Orbit

Orbital elements are given in Table 1 for the two types of measurement dis-
cussed above, and displayed in Fig. 2. One can see there are some systematic
differences between the systemic velocities for the primary and secondary com-
ponents. Since the secondary profiles are “buried” in the wings of the primary,
it is not surprising that these velocities depend strongly on the profile used to
model them.

4.2. Photometric orbit

Having established the mass ratio q = 2.33, one can derive some physical pa-
rameters for the system from the A5200 A photoelectric observations of Cester
(1959), using the Wilson-Devinney (1971) code. For the photometric solution,
parameters were chosen according to the Straizys & Kuriliene (1985) derivation
to match the spectral type (B9 + F9 IV) given by Duerbeck & Teuber (1978).
The photometric solutions are given in Table 2, in which the stellar radii pre-
sented are the means of ryole; Tside; aNd Tpack, in units of the orbital radius.
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Table 1.  Orbital Solutions for BD +4-52°2009
Orbit Non-Keplerian ~ Keplerian
Profile Type Gaussian Synthetic
Parameter Primary
Vo(km s71) -08+1.0 -1.1+£1.0
Kp(km s71) 959+ 1.3 959 £ 1.2
Tmax(JDg) (fixed) 46523.336 46523.336
P(days)(fixed) 1.1988150 1.1988150
o?(km? s~?) 32.7 30.2
Secondary
Vo(km s~1) 52+ 2.3 32+21
K(km s71) 213.9+ 27 2236+ 24
Tmax(JDg)(fixed)  46522.737  46522.737
P(days)(fixed) 1.1988150 1.1988150
a?(km? s7?) 148.1 118.8
Combined
(km s7T) 20+ 1.5 0.9+ 14
Kp(km s™1) 95.9 + 2.1 958+ 1.9
(km s71) 2139+ 17 2235+ 1.5
Tmax(IDg)(fixed) 46523.336 46523.336
P(days) (fixed) 1.1988150  1.1988150
0?(km? s72) 95.1 75.9
Derived Quantities
myp sin® i(mg) 2.55 +£0.05 2.84 £ 0.05
mgsin3 i(mg) 114+ 0.03  1.22+0.03
apsin i(Rg) 227+ 005  2.27 £ 0.05
agsin i(Rg) 507+ 0.04 5.29 + 0.04
q(mp/ms) 223+0.05 2.33+£0.05
Table 2. Photometric Solution
Parameter Value
< rh > 0.343 £ 0.004
<re> 0.268 + 0.006
<Th>(K) 10400+ 190
<T.>(K) 6000+ 240
g(mp/ms) 2.33 £ 0.05
i(°) 79.0 £ 0.3
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Figure 2.  Velocity curve of BD +52°2009 with reference to the pho-
tometric phase

Table 3.  Physical parameters for BD +52°2009

Parameter Primary Secondary
m/meg 2.99 4-0.04 1.28 +0.03
< R/Rg > 2.35 £0.01 2.12 £0.01
<Ts > (K) 9600 £190 5480 240
log m/mg 0.48 £0.01 0.11 +0.01

log < R/Ry > 0.371 £0.002 0.326 £0.002
log < To >  3.982 £0.008 3.739 £0.018

log L/Lg 1.62 £0.02 0.53 £0.05
System
i(°) 79.0 £ 0.3
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5. Discussion

From the data in Tables 1 and 2 the physical parameters for the primary and
secondary components were determined (see Table 3). The errors stem from
the formal errors given in those tables, including the errors in mass ratio and
an error in Tym,e(primary) of 190K. The position of BD 4-52°2009 in the mass-
luminosity and mass-radius planes agrees well with data from Popper (1980)
and Harmanec (1988). The period appears to have been constant since 1941,
and the orbit is considered to be circular, because an elliptical solution shows
the eccentricity not to be significant statistically.

Although it seems in the current investigation the secondary yields good
velocities which lead to an acceptable mass ratio and a new photometric solution
to model the system and its current evolutionary state, Mezzetti et al. (1980)
have pointed out that the subgiant secondary is actually undersized and not
in contact with its Roche lobe. To define an acceptable model for the system,
further spectroscopic studies and theoretical calculations would be beneficial.
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