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ABSTRACT

We present the results of a radial-veloity study of ten Am stars (HD 19342,

19910, 36360, 102925, 126031, 127263, 138406, 155714, 195692 and 199360)

observed at Observatoire de Haute-Provene with the CORAVEL instru-

ment. We �nd that these systems are spetrosopi binaries whose orbital

elements are determined for the �rst time. Both omponents were measured

for HD 126031, an elipsing binary, whereas the other systems were deteted

as single-line binaries only. Physial parameters were inferred from this study

for the primaries of all systems, and for the seondary of HD 126031. We ob-

served a higher rate of synhronized/irularized systems than expeted from

the theoretial models of radiative dissipation of dynamial tides.

Key words: Binaries: spetrosopi | Stars: fundamental parameters

1 INTRODUCTION

This paper is the sixth of a series devoted to the searh and study of spetrosopi binaries

(SB) among a sample of hemially peuliar stars of type Am. A presentation about the

earlier papers of this series was given in the last one (Carquillat et al. 2003, paper V). A

forthoming paper will deal with statistis about the whole programme.
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2 J.-M. Carquillat et al.

We present here the results of a radial veloity (RV) monitoring of ten suh stars, namely

HD 19342, 19910, 36360, 102925, 126031, 127263, 138406, 155714, 195692 and 199360. Most

of the observations were arried out with the CORAVEL instrument of the 1-m Swiss tele-

sope at Haute-Provene Observatory (OHP) and that of the 91 m telesope of Cambridge

Observatory. All those stars were deteted as single-lined spetrosopi binaries (SB1) with

CORAVEL. We thus ould determine for the �rst time (to our knowledge) their orbital

elements. For the elipsing binary HD 126031, omplementary observations with the 1.93 m

telesope at OHP allowed us to detet the seondary omponent.

Six stars of the present sample ome from the \Third atalogue of Am stars with known

spetral types" (Hauk 1986, hereafter HCK86), and four from the list of Bidelman (1988)

(hereafter BID88) entitled \Misellaneous spetrosopi notes". Only for 5 objets was the

variability of the radial veloity already mentioned in previous studies. In Setion 2, we

present the RV observations and the orbital elements we omputed. In Setion 3 we give some

omplementary bibliographial information for eah system. In Setion 4 we derive some

physial parameters dedued from available Str�omgren photometry, Hipparos parallaxes

and theoretial evolutionary traks (Set. 4.2). We also estimate the minimum masses and

separations of the ompanions (Set. 4.3). We present an analysis of the Hipparos light-

urve of the elipsing binary HD 126031 in Set. 4.4. In Set. 4.6, we ompare our results with

some theoretial preditions about the irularization of the orbits aused by tidal e�ets.

Finally, using the projeted rotational veloity v sin i derived from the orrelation dips, we

disuss the ourrene of rotation{revolution synhronism among those systems (Set. 4.7).

2 OBSERVATIONS AND DERIVATION OF ORBITAL ELEMENTS

Our observations were performed in three-fold parts:

� J.-M. Carquillat and N. Ginestet �rst observed at OHP during the 1992{1998 period,

with the CORAVEL instrument mounted on the 1-m Swiss telesope.

� In 2001{2002, E. Oblak and M. Kurpinska-Winiarska performed radial veloity measure-

ments of HD 126031 on the 1.93-m at OHP, with the ELODIE spetrograph (Baranne et al.,

1996).

� Finally in 2003, R.F. GriÆn kindly made measurements with his own CORAVEL on

the 91-m telesope of Cambridge observatory.
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Spetrosopi orbits 3

Let us reall that CORAVEL is a spetrophotometer that allows measurements of helio-

entri RVs by performing a ross-orrelation of the stellar spetrum with a physial mask

plaed in the foal plane of the spetrograph (Baranne, Mayor & Ponet 1979). Although

CORAVEL was designed to be eÆient for observing ool stars, with a spetral type later

than F4, it happens that many Am stars, whih rotate slowly and present a spetrum with

numerous sharp metalli features, are also suitable for produing a orrelation dip.

For eah star, between 30 and 50 RVs were obtained (Tables 1 to 10) with a mean internal

standard error that depends upon the depth and the width of the orrelation dip. The latter

is strongly orrelated with the rotational veloity v sin i. The best preision was reahed for

HD 19342 (0.4 km.s

�1

), the poorest for HD 195692 (1.3 km.s

�1

), while eight stars have RVs

errors in the range 0.4|0.8 km.s

�1

. The RVs obtained at Cambridge are marked with the

symbol

C

in the Tables 2, 5 and 6. All those RVs were redued to the RV data base system of

Geneva Observatory (Udry, Mayor & Queloz 1999), via the appliation of appropriate o�sets.

For HD 155714 we added 4 RVs published by Nordstr�om et al. (1997) (marked with the

symbol

N

in Table 8), derived from the ross-orrelation of digitized spetra with optimized

syntheti template spetra. Taking into aount the errors, those RVs were weighted 0.55

(whereas we used 1.0 for the CORAVEL measures).

For HD 126031, the ELODIE RVs (marked with the symbol

E

in Table 5) were weighted

2.0, to take into aount their better quality than the CORAVEL data (weighted as 1.0).

The small values of the internal errors given by ELODIE (�0.1 km.s

�1

) would suggest larger

values for the weights. Nevertheless, as the orresponding observations were onentrated in

a short period of time, using larger weights for the ELODIE data degraded the auray of

most parameters of the orbit (in partiular P and T

0

).

We alulated the spetrosopi orbital elements of the binaries (Tables 11 and 12) by

applying the least-squares programs BS1 and BS2 (�rst reated by Nadal et al. 1979 and

revised by JLP) to the observed RVs. The (O � C) residuals are given in Tables 1 to 10,

and the omputed RV urves in Figs 1 and 2. In all ases, the standard deviation of the

residuals, �

(O�C)

, is onsistent with the RV mean error (and even smaller, in the ase of 7

objets), whih indiates the absene of detetable spetrosopi third omponents in those

systems.

The appliation of Luy & Sweeney's (1971) statistial test to the orbital elements showed

that six systems have a irular orbit: HD 19342, 102925, 126031, 155714, 195692, and

199360. The periods of HD 102925 (P = 16:4 days) and HD 19342 (P = 42:6 days) seem
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4 J.-M. Carquillat et al.

rather large for the orbit to be irularized by tidal e�ets. We shall disuss that topi in

Set. 4.6.

3 NOTES FOR INDIVIDUAL SYSTEMS

In this setion, we report some information about the studied stars and, in partiular, the

soure for the Am lassi�ation (HCK86, BID88 or Grenier et al. (1999), hereafter GRE99)

with, when available, the lassi�ations from Ca II K line (k), hydrogen lines (h) and metalli

lines (m).

HD 19342. HCK86 gives A7(k) F0(m) aording to Walther (1949) and A5(k) F2(m)

aording to Bertaud (1970). GRE99 give the lassi�ation A3(k) A7(h) F3(m), and note

the variability of the RV.

HD 19910. HCK86 gives A2(k) F5(m) aording to Drilling & Pesh (1973).

HD 36360. HCK86 gives A5(k) F2(m) aording to Slettebak & Nassau (1959), but GRE99

lassify the star as A3(k) A7(h) F3(m). Fehrenbah et al. (1987) �rst put in evidene a

variable RV.

HD 102925. Classi�ed as Am by BID88. First disovered as a variable RV star at Mount

Wilson Observatory (Wilson & Joy 1950, Abt 1970).

HD 126031. This system is DV Boo (Kazarovets et al. 1999), and was disovered as an

elipsing binary of Algol type by Hipparos. The period quoted in the Hipparos atalogue

(ESA 1997) is 1.26 days, i.e., exatly the third of the period we found: a strobosopi e�et?

(see Set. 4.4). Classi�ed as Am by BID88 and A3(k) A7(h) F5(m) by GRE99.

HD 127263. An Am star aording to BID88, but GRE99 give the lassi�ation A2p Sr,

and report a variable RV.

HD 138406. Am aording to BID88 (but ould be a giant: see Set. 4.2). First reported

as a variable RV star by Young (1942) from observations at David Dunlap Observatory.

HD 155714. Visual double ADS 10398 AB = CCDM 17130+0745 AB = STT 325 AB.

�m

Hp

=1.79; �=0.4 arse. HCK86 gives A9(k) F1(h) F4(m), aording to Abt (1981).

HD 195692. Visual double ADS 13964 AB = CCDM 20320+2548 AB = STF 2695 AB.

�m

Hp

= 2.17; �=0.16 arse. Classi�ed A4(k) F0(m) in HCK86, aording to Bertaud (1970),

and A2(k) F1(h) F0(m) by Abt & Morrell (1995).

HD 199360. HCK86 gives A7(k) F1(h) F5(m), aording to Abt (1984), and GRE99 �nd

A5(k) F0(h) F3(m).
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Thus, our observations have shown that HD 155714 and HD 195692 are triple systems.

4 PHYSICAL PARAMETERS AND DISCUSSION

4.1 Reddening orretion

Str�omgren photometry was available for eight objets of our sample (Hauk & Mermilliod

1998). In Table 13, we present the orresponding �, b� y, m

1

and 

1

in Cols. 2, 3, 5 and 7.

The olor exess E(b � y) produed by interstellar reddening (Col. 4) was omputed with

Crawford (1979)'s alibration of A-type stars. The orresponding indies (m

1

)

0

and (

1

)

0

,

orreted for reddening, are in Cols. 6 and 8. The index (Æm

1

)

0

= (m

1

)

std

� (m

1

)

0

, where

(m

1

)

std

is the standard m

1

orresponding to an A-type star with the same � as the objet

is given in Col. 9. We used Crawford (1979)'s alibration on the Hyades for determining

(m

1

)

std

from �. This index (Æm

1

)

0

will be used for the determination of [Fe/H℄, given in

Table 14 (see Set. 4.2).

For HD 155714, 195692, and 199360, the � indies have not been measured; the values

indiated in brakets were obtained from the (�,(b� y)

0

) relation given by Crawford (1979).

We negleted the interstellar absorption for the nearest stars HD 155714 and HD 195692

(with d < 100 p). For HD 199360 (d = 147 p), we used Luke (1978)'s extintion maps

for orreting b� y, and then veri�ed that the E(b� y) derived from Crawford (1979), was

ompatible with Luke's E(B � V ) value. Note that E(b� y) = 0:73E(B � V ) (Crawford,

1975).

Table 13 shows that the reddening is negligible (i.e., E(b�y) � 0:01) for HD 36360, 126031,

127263, 155714 and 195692. For HD 19342, 19910 and 199360, we shall use the reddening-

orreted values from this table in the following of this paper.

Str�omgren photometry was not available for HD 102925 and 138406, whih are distant of

114 and 282 p, respetively (f. Table 14). The orresponding interstellar extintion values

E(B � V ), estimated from Luke (1978)'s galati harts are 0.03 and 0.06, respetively.

4.2 Physial parameters of the primaries

To estimate some physial parameters of the primaries, whih are presented in Table 14,

we have used Str�omgren photometry and the Hipparos parallaxes, when those data were

available. We have assumed that the photometri ontribution of the unseen spetrosopi
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Figure 1. RV urves omputed with the orbital elements of Tables 11 and 12: (a) HD 19342, (b) HD 19910, () HD 36360,

(d) HD 102925, (e) HD 126031, and (f) HD 127263. For HD 19342, HD 102925, and HD 126031 whih have irular orbits,

the asending node is taken as the origin of the phases. For the other systems, the origin of the phases orresponds to the

periastron passage.

ompanion was negligible for all systems, exept for HD 126031 for whih the seondary was

deteted. We shall disuss the possible inuene of the undeteted ompanion in Set. 4.5.

As in Paper V, we proeeded as follows:

1 { From Hipparos parallaxes � (ESA 1997), we obtained the distanes and the visual

absolute magnitudes of the systems (exept for HD 19910 that was not observed by the

satellite), and their errors (Lines 7 and 8).



 0000 RAS, MNRAS 000, 000{000



Spetrosopi orbits 7

 (a) 

 0  0.5  1 

 -10 

 0 

 Phase 

 R
ad

ia
l v

el
oc

ity
 (

km
/s

) 

 (b) 

 0  0.5  1 

 -50 

 -45 

 -40 

 Phase 

 R
ad

ia
l v

el
oc

ity
 (

km
/s

) 

 (c) 

 0  0.5  1 

 -60 

 -40 

 -20 

 0 

 Phase 

 R
ad

ia
l v

el
oc

ity
 (

km
/s

) 

 (d) 

 0  0.5  1 

 0 

 10 

 Phase 

 R
ad

ia
l v

el
oc

ity
 (

km
/s

) 

Figure 2. RV urves omputed with the orbital elements of Table 11: (a) HD 138406, (b) HD 155714, () HD 195692 and (d)

HD 199360. For HD 138406, the origin of the phases orresponds to the periastron passage. For the other systems, whih have

a irular orbit, the asending node is taken as the origin of the phases.

2 { When Str�omgren photometry was available (f. Set. 4.1), we dedued the quantities

T

e�

and log g (Lines 10 and 11) using the (

1

)

0

versus � grids of Moon & Dworetsky (1985).

For log g determination, we applied the orretion for metalliity proposed by Dworetsky

and Moon (1986) for Am stars. The parameter [Fe=H℄ (line 12) was estimated from the

Æm

1

versus [Fe=H℄ orrelation, as omputed by Cayrel (Crawford, 1975). For HD 102925

and HD 138406, Str�omgren photometry was not available: the e�etive temperature given

in Line 10 is based upon the B � V index and Flower (1996)'s alibrations.

3 { The quantities M

V

and T

e�

lead to an estimation of the theoretial radius of the stars

(line 13), using the radiation law: log(R=R

�

) = �0:2M

bol

� 2 logT

e�

+ 8:47 (Shmidt-Kaler

1982). The bolometri orretions we used are those tabulated by Flower (1996).

4 { Finally, we report in Fig. 3 the positions of the stars in the theoretial Hertzsprung-

Russell diagram, log(L=L

�

) versus logT

e�

, from Shaller et al (1992), ompleted with the

isohrones omputed by Meynet, Mermilliod & Maeder (1993). The positions of the stars in

this diagram lead to theoretial estimates of their masses M

1

and ages (Lines 14 and 25 of
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Table 1. Radial veloities and (O �C) residuals for HD 19342.

Date (JD) Cyle RV (O �C)

2400000+ km.s

�1

km.s

�1

49320.54 -0.07 30.4 0.2

49321.50 -0.05 31.6 -0.1

49324.54 0.02 33.3 0.6

49427.34 2.43 -18.0 0.3

49428.32 2.46 -19.8 -0.2

49432.30 2.55 -19.0 0.4

49640.66 7.44 -18.2 0.4

49643.54 7.50 -20.8 -0.2

49784.32 10.81 15.4 -0.1

49787.33 10.88 25.7 0.3

50123.38 18.76 7.6 -0.3

50127.37 18.85 22.3 -0.1

50323.62 23.46 -20.5 -0.8

50325.61 23.50 -20.3 0.3

50414.47 25.59 -16.2 0.4

50418.52 25.68 -4.0 0.7

50419.41 25.70 -1.8 -0.4

50420.46 25.73 2.8 0.2

50421.35 25.75 5.4 -0.7

50476.39 27.04 32.8 0.7

50477.41 27.06 30.9 0.1

50478.45 27.09 28.1 -0.8

50479.38 27.11 26.4 -0.3

50480.39 27.13 24.0 0.1

50481.37 27.16 21.1 0.3

50482.33 27.18 17.5 0.0

50705.63 32.42 -17.4 -0.2

50738.55 33.19 15.5 -0.4

50739.54 33.21 12.1 -0.1

50740.59 33.24 8.5 0.4

50741.49 33.26 4.5 0.0

50745.54 33.35 -10.4 -0.2

50839.50 35.56 -18.9 0.0

50978.61 38.82 17.7 -0.1

51109.51 41.89 26.7 -0.4

51185.41 43.67 -6.3 0.0

Table 14). Three stars are missing in the diagram: HD 19910, whih was not observed by

Hipparos, HD 126031, whose two omponents are plotted in Fig. 4, and HD 138406 whih

is not a lassial Am star and falls beyond its boundaries. Indeed, with the data we have

for that star, it ould be a hot giant, even though metalli lines are ertainly present, as

noted by Young (1942) whih reported the following omment \Many very �ne lines." The

other stars lie in the main-sequene domain and show di�erent degrees of evolution, the least

evolved being HD 127263. The ase of the elipsing binary HD 126031, for whih the two

omponents have been deteted with ELODIE is dealt with in Set. 4.4.
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Table 2. Radial veloities and (O �C) residuals for HD 19910.

Date (JD) Cyle RV (O � C)

2400000+ km.s

�1

km.s

�1

49325.42 0.00 30.7 -0.4

49641.55 20.51 -3.0 0.4

49642.54 20.57 12.7 0.0

49643.46 20.63 27.9 -0.1

49643.61 20.64 29.7 -0.7

49644.58 20.70 44.7 0.2

50125.30 51.89 54.7 0.0

50127.30 52.02 26.2 1.9

50324.64 64.82 57.5 -0.9

50325.62 64.89 55.1 -0.1

50326.65 64.95 43.4 0.1

50327.62 65.02 26.4 0.8

50328.58 65.08 6.8 1.0

50414.45 70.65 32.4 0.0

50415.45 70.71 47.0 0.5

50416.46 70.78 56.6 0.6

50418.45 70.91 52.4 0.1

50419.43 70.97 38.9 0.4

50421.41 71.10 -1.5 -0.5

50476.28 74.66 34.9 -0.2

50477.32 74.73 48.8 -0.2

50478.32 74.79 56.8 -0.3

50479.30 74.86 58.8 1.0

50480.32 74.92 48.9 -0.9

50481.30 74.99 33.6 -1.0

50482.30 75.05 12.2 -2.4

50738.57 91.68 37.9 -0.8

50739.57 91.74 50.3 -0.9

50745.54 92.13 -8.5 0.6

50746.50 92.19 -24.8 -1.4

50838.35 98.15 -14.6 0.0

51106.59 115.55 9.0 1.4

51107.52 115.61 22.7 -0.6

51110.53 115.81 58.5 0.6

52583.49 211.37 -29.7 -0.5

C

52585.52 211.50 -4.5 1.1

C

52600.51 212.47 -11.3 0.5

C

52613.46 213.31 -34.5 -1.6

C

52645.36 215.38 -28.2 -0.6

C

52647.38 215.51 -3.8 -1.3

C

52651.31 215.77 55.4 0.9

C

52660.36 216.35 -28.7 1.8

C

52663.34 216.55 7.6 1.3

C

52689.31 218.23 -27.6 1.9

C

52690.28 218.29 -32.7 0.4

C

52692.32 218.43 -22.2 -1.7

C

52693.29 218.49 -8.0 -0.4

C

4.3 Masses and separations of the seondaries

From the values omputed for f(m) and a

1

sin i (Table 11), and assuming for the primaries

the theoretial masses M

1

(Table 14), we an obtain, for a given value of the orbital inlina-

tion i, the values of M

2

, the mass of the seondary, and a, the true mean separation of the

omponents. For that, we use the formulae:

f(m) =M

1

� sin

3

i� �

3

= (1 + �)

2

; (1)
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Table 3. Radial veloities and (O �C) residuals for HD 36360.

Date (JD) Cyle RV (O �C)

2400000+ km.s

�1

km.s

�1

48939.51 -0.88 0.2 -0.9

48940.49 -0.87 0.3 -0.7

48966.57 -0.75 4.0 0.4

48967.46 -0.75 3.8 0.0

48970.53 -0.73 5.0 0.5

49318.50 0.87 19.7 0.4

49319.54 0.88 19.6 0.7

49320.46 0.88 17.9 -0.7

49323.48 0.90 17.1 -0.3

49324.56 0.90 16.9 0.0

49325.49 0.91 16.1 -0.5

49426.39 1.37 11.5 0.6

49432.31 1.40 12.0 -0.6

49641.57 2.37 10.3 -0.2

49644.57 2.38 10.5 -0.9

49715.36 2.71 26.0 0.3

49725.57 2.75 25.1 -0.1

49781.37 3.01 7.4 0.6

49784.27 3.03 6.5 0.8

50124.49 4.60 23.1 -0.2

50324.65 5.52 20.1 0.2

50414.59 5.94 13.5 -0.3

50419.47 5.96 11.5 -0.1

50477.47 6.23 3.2 0.5

50738.61 7.43 14.8 0.1

50745.62 7.47 16.5 -0.2

50822.42 7.82 23.0 0.1

51108.56 9.14 1.0 0.1

51185.56 9.50 19.2 0.6

52936.63 17.58 22.6 -0.2

where � = M

2

=M

1

is the mass-ratio in the system, and

a = a

1

+ a

2

= (a

1

sin i)� (1 + 1=�)= sin i: (2)

The minimum values for �,M

2

and a orrespond to sin i = 1 (i.e., i = 90

Æ

). As for the maxima

of those quantities, they an be approximated taking into aount the absene of CORAVEL

orrelation dips from the seondary spetrosopi omponents, that implies roughly �m

V

�

2:0, i.e., via the mass{luminosity relation, � � 0:6. Following that proedure, we give in

Table 14: (i) on one hand M

2min

and a

min

, the minimum values that we found when i = 90

Æ

for M

2

and a, respetively (Lines 15 and 17), (ii) on the other hand M

2max

and a

max

, the

maximum values of M

2

and a (Lines 16 and 18), obtained with the minimum value of i

orresponding to � = 0:6 (Line 21). For HD 19910, for whih no theoretial value ould be

derived, we assumed M

1

= 2 M

�

, a typial value for A-type stars. Notie that, as already

pointed out by Carquillat et al. (1982), the separation we obtain with (2) has a very small

dependene on the value of i, and we an onlude that all those binary systems are detahed.
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Table 4. Radial veloities and (O �C) residuals for HD 102925.

Date (JD) Cyle RV (O �C)

2400000+ km.s

�1

km.s

�1

49787.57 -0.66 -15.4 -0.5

50124.63 19.84 13.2 -0.8

50125.61 19.90 20.6 -0.4

50126.57 19.96 24.0 -1.0

50127.63 20.03 26.3 1.0

50192.49 23.97 25.0 -0.4

50193.47 24.03 25.5 0.3

50194.48 24.09 22.1 0.9

50195.39 24.15 14.7 -0.1

50415.69 37.55 -26.2 -0.1

50416.71 37.61 -19.9 1.1

50418.72 37.74 -2.5 0.6

50419.64 37.79 5.1 -1.0

50477.61 41.32 -12.5 -0.4

50478.56 41.38 -20.7 -0.8

50479.63 41.44 -26.0 -0.2

50480.56 41.50 -27.1 0.4

50481.63 41.56 -24.8 0.6

50609.49 49.34 -16.1 -0.6

50610.42 49.40 -23.2 -0.9

50611.40 49.46 -26.5 0.1

50613.45 49.58 -24.7 -0.8

50614.41 49.64 -16.8 0.8

50615.43 49.70 -8.2 0.3

50835.70 63.10 20.4 0.2

50836.61 63.16 14.5 1.1

50837.54 63.22 4.9 0.2

50838.59 63.28 -5.6 0.3

50976.35 71.66 -14.4 0.6

50977.42 71.73 -4.7 0.1

50979.39 71.85 13.5 -0.7

The two short-period systems HD 155714 and HD 199360 have very low mass funtions,

that permit a wide range of possibilities for i, the orbital inlination, and M

2

, the mass

of the ompanion. As an indiation, the (very plausible) hypothesis of rotation{revolution

synhronism (see Set 4.7) would imply i = 33

Æ

, M

2

= 0:1M

�

for HD 155714 and i = 14

Æ

,

M

2

= 0:5M

�

for HD 199360. Suh masses are those of red dwarf stars.

4.4 The elipsing binary HD 126031

The light urve of HD 126031 provided by Hipparos is plotted in phase in Fig. 5, using

the period of 3.78 days found with our spetrosopi observations. It learly shows two

elipses with two peaked minima. The period quoted in the Hipparos atalogue (1.26 days)

is de�nitely false and must be due to a strobosopi e�et.

We performed an analysis of that urve using two programs: EBOP, from Popper & Etzel

(1981) that �ts the light urve only, and WD (version 1996), fromWilson & Devinney (1971)

that performs a �t whih also takes into aount the radial veloity orbital parameters. Note
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Table 5. Radial veloities and (O �C) residuals for HD 126031.

Date (JD) Cyle RV

1

(O � C)

1

RV

2

(O �C)

2

2400000+ km.s

�1

km.s

�1

km.s

�1

km.s

�1

50479.75 -0.15 20.0 0.8 { {

50480.69 0.09 40.7 1.1 { {

50611.45 34.66 -70.6 0.1 { {

50614.43 35.45 -106.1 0.6 { {

50615.38 35.70 -53.4 -1.1 { {

50615.52 35.74 -31.9 1.1 { {

50834.74 93.70 -55.2 0.9 { {

50835.71 93.95 51.2 1.2 { {

50836.71 94.22 -13.1 -1.8 { {

50837.70 94.48 -110.7 -1.0 { {

50839.63 94.99 53.9 0.3 { {

50839.75 95.02 53.5 0.2 { {

50974.45 130.63 -85.3 -0.7 { {

50974.54 130.65 -77.5 -1.6 { {

50975.48 130.90 40.3 1.9 { {

50976.40 131.14 21.3 -0.9 { {

50976.52 131.18 8.2 0.4 { {

50977.35 131.40 -94.5 -0.7 { {

50977.49 131.43 -101.1 2.5 { {

50978.35 131.66 -72.7 -0.6 { {

50978.45 131.69 -61.7 -1.0 { {

50978.55 131.71 -46.9 0.7 { {

50979.35 131.92 44.7 0.0 { {

50979.44 131.95 49.4 -0.3 { {

51931.62 383.67 -65.2 0.7 22.2 0.4

E

52039.43 412.17 9.9 0.3 -79.8 -0.6

E

52040.53 412.47 -108.3 0.4 78.6 -0.6

E

52040.57 412.48 -109.3 0.4 80.2 -0.3

E

52042.41 412.96 51.6 0.0 -135.5 -0.1

E

52042.59 413.01 53.6 -0.1 -138.8 -0.5

E

52297.66 480.44 -105.0 0.2 73.6 -0.9

E

52299.70 480.98 53.3 0.0 -137.9 -0.1

E

52303.73 482.05 50.5 0.0 -134.2 -0.3

E

52489.35 531.12 32.4 0.1 -110.1 -0.5

E

52721.61 592.52 -109.4 0.5

C

{ {

52730.51 594.87 28.9 -0.4

C

{ {

52747.47 599.36 -78.1 1.3

C

{ {

52758.54 602.28 -47.1 -1.7

C

{ {

52760.59 602.83 10.5 0.9

C

{ {

52765.48 604.12 32.4 -0.1

C

{ {

52769.56 605.20 -0.5 0.7

C

{ {

52775.50 606.77 -21.3 -1.8

C

{ {

52777.57 607.32 -61.3 0.0

C

{ {

52811.46 616.28 -43.2 -1.9

C

{ {

52814.42 617.06 49.0 0.3

C

{ {

52815.48 617.34 -71.3 -0.3

C

{ {

52816.41 617.58 -97.8 2.3

C

{ {

52866.37 630.79 -7.0 1.2

C

{ {

that the results should be onsidered as preliminary, sine the residuals are rather large and

the light urve is under-sampled, espeially around the minima.

The parameters found by WD and EBOP are in very good agreement; the mean values are

displayed in Table 15. The �tted solution and the residuals are plotted in Fig. 5. The two

solutions have an rms error smaller than 0.01 mag., and do not show any di�erene in that

plot.



 0000 RAS, MNRAS 000, 000{000



Spetrosopi orbits 13

Table 6. Radial veloities and (O �C) residuals for HD 127263.

Date (JD) Cyle RV (O � C)

2400000+ km.s

�1

km.s

�1

50480.72 -0.52 -6.1 0.6

50609.51 8.53 -10.6 -0.3

50611.50 8.67 -23.1 -0.2

50614.48 8.88 -41.0 0.6

50615.41 8.94 -38.3 0.5

50834.72 24.35 3.1 0.3

50835.72 24.42 -2.5 -0.8

50837.72 24.56 -13.1 -0.5

50839.64 24.69 -25.0 0.1

50974.52 34.17 6.8 -0.2

50975.50 34.23 7.7 0.0

50976.47 34.30 4.2 -1.0

50977.40 34.37 2.2 0.6

50978.48 34.44 -3.6 0.0

50979.48 34.51 -9.5 -0.5

51106.26 43.42 -1.2 0.5

51109.24 43.63 -18.8 0.0

51110.26 43.70 -25.4 0.3

51185.75 49.00 -25.8 -0.1

51186.72 49.07 -6.2 -0.4

52691.73 154.77 -32.7 0.3

C

52721.58 156.87 -41.8 -0.7

C

52736.59 157.92 -41.1 0.0

C

52751.58 158.97 -33.6 -0.4

C

52753.54 159.11 2.4 0.2

C

52760.58 159.61 -16.5 0.3

C

52766.44 160.02 -20.9 -0.2

C

52767.47 160.09 -1.1 0.3

C

52775.58 160.66 -21.6 0.2

C

52777.50 160.79 -35.4 0.0

C

52795.41 162.05 -10.7 -0.4

C

52809.42 163.04 -14.5 0.5

C

52821.36 163.87 -41.3 0.1

52822.37 163.95 -38.2 0.4

52833.53 164.73 -28.5 0.3

C

52841.40 165.28 6.5 0.3

C

52854.39 166.19 8.0 0.2

C

52871.35 167.39 0.3 -0.1

C

52896.31 169.14 5.5 0.2

C

52906.33 169.84 -40.5 -0.9

C

The two models WD and EBOP lead to �m

Hp

= 1:38� 0:08, and �m

Hp

= 1:28� 0:08, re-

spetively. Given the loseness of the e�etive temperatures of the two omponents, �m

Hp

�

�m

V

(the orresponding di�erential orretion is negligible: �0.02 mag.). Hene the analy-

sis of the light urve leads to �m

V

= 1:33� 0:1 We also obtained an independent estimate

of �m

V

� 1:57� 0:2 from the ELODIE orrelation dips of the two omponents, using the

relation �m

V

= �2:5 log[(S

1

=S

2

) � (T

e�2

=T

e�1

)℄, where S

1

(resp. S

2

) is the surfae of the

orrelation dip of omponent 1 (resp. 2) (Duquennoy, 1994, private ommuniation). Hene

we �nally adopted the weighted mean value of the two determinations, from the light urve

and ELODIE, i.e., �m

V

= 1:41� 0:15.
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Table 7. Radial veloities and (O �C) residuals for HD 138406.

Date (JD) Cyle RV (O � C)

2400000+ km.s

�1

km.s

�1

49786.64 -0.23 -5.8 -0.1

49787.69 -0.19 -2.5 0.5

50127.71 12.96 6.2 0.0

50192.63 15.48 -15.0 0.1

50193.62 15.51 -14.6 0.3

50194.54 15.55 -14.6 -0.2

50326.38 20.65 -12.3 -0.5

50327.38 20.69 -10.8 -0.6

50328.33 20.73 -9.0 -0.6

50329.46 20.77 -5.4 0.4

50415.72 24.11 -0.1 0.1

50416.74 24.15 -3.7 -0.3

50419.73 24.26 -10.7 0.2

50477.72 26.50 -15.0 0.0

50478.75 26.54 -14.1 0.4

50480.70 26.62 -12.5 0.3

50610.58 31.64 -11.9 0.1

50614.46 31.79 -4.2 0.0

50615.54 31.84 -1.7 -0.4

50738.30 36.58 -14.0 -0.3

50740.28 36.66 -11.1 0.2

50741.31 36.70 -9.1 0.5

50745.28 36.85 0.5 0.4

50746.29 36.89 2.3 -0.6

50834.73 40.31 -13.0 0.0

50835.73 40.35 -14.1 -0.1

50837.72 40.43 -15.2 -0.1

50978.48 45.88 1.7 0.1

50979.49 45.91 4.1 -0.1

51009.45 47.07 2.8 0.3

51109.25 50.93 5.5 0.3

51110.27 50.97 6.4 0.1

51111.29 51.01 5.3 -0.6

52820.41 117.13 -1.3 0.5

52821.39 117.16 -5.7 -0.8

52821.43 117.17 -4.5 0.5

52822.38 117.20 -7.9 -0.3

From the knowledge of the ratio T

e�1

=T

e�2

(Line 4 of Table 15), the globalB�V index (Line 4

of Table 14) and this determination of �m

V

, we omputed the orretion �T to be applied

to T

e�1

as determined by Str�omgren photometry, due to the presene of the ompanion.

This was done with an iterative proess, whih used Flower (1996)'s table of T

e�

versus

B � V for main sequene stars. We obtained: T

e�1

= 7370 � 80 K, T

e�2

= 6410 � 80 K,

(B � V )

1

= 0:31� 0:02 and (B � V )

2

= 0:47� 0:02.

From the global value M

V

= 1:88, as determined with Hipparos parallax, and �m

V

=

1:41�0:15, we obtainM

V 1

= 2:14�0:3 andM

V 2

= 3:54�0:3. When applying the bolometri

orretions BC

1

= 0:03 and BC

2

= �0:02, orresponding to the omponent temperatures

T

e�1

and T

e�2

(Flower, 1996), we �nd log(L

1

=L

�

) = 1:03�0:15 and log(L

2

=L

�

) = 0:49�0:15.

Both omponents of HD 126031 are plotted in Fig. 4. Their loation on this theoretial
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Table 8. Radial veloities and (O �C) residuals for HD 155714.

Date (JD) Cyle RV (O � C)

2400000+ km.s

�1

km.s

�1

46963.71 -653.86 -40.8 -1.2

N

47370.70 -531.82 -40.2 0.9

N

47995.82 -344.36 -48.8 -1.0

N

48350.91 -237.88 -39.9 -0.9

N

49141.50 -0.81 -40.7 0.8

49142.50 -0.51 -49.3 0.6

49143.51 -0.20 -41.2 0.6

49144.54 0.11 -38.2 0.5

49145.50 0.39 -48.6 -0.1

49145.63 0.43 -48.6 0.7

49146.54 0.71 -43.6 1.8

49147.51 1.00 -36.5 0.9

49427.70 85.02 -36.7 0.7

49428.68 85.31 -45.2 0.7

49429.68 85.61 -48.6 -0.1

49430.68 85.91 -39.0 -0.7

49431.68 86.21 -41.7 0.4

49432.66 86.50 -51.2 -1.3

49787.71 192.97 -36.4 1.1

50192.61 314.39 -48.7 -0.2

50194.58 314.98 -37.1 0.3

50195.59 315.28 -45.2 -0.3

50325.38 354.20 -43.4 -1.5

50326.42 354.52 -50.5 -0.6

50327.37 354.80 -42.8 -1.1

50328.39 355.11 -40.2 -1.5

50329.38 355.40 -47.5 1.3

50480.75 400.80 -42.4 -0.5

50611.47 439.99 -37.0 0.4

50614.55 440.92 -37.9 0.3

50615.53 441.21 -41.0 1.1

50739.32 478.33 -47.0 -0.3

50743.26 479.51 -50.9 -1.0

50837.74 507.85 -40.1 0.0

50974.57 548.88 -39.7 -0.6

50975.51 549.16 -40.1 0.1

50976.51 549.46 -50.3 -0.6

50977.39 549.72 -44.5 0.2

50978.54 550.07 -38.9 -1.0

51106.27 588.37 -47.9 0.0

51107.27 588.67 -47.3 -0.6

51108.26 588.97 -37.7 -0.2

51109.26 589.27 -44.5 -0.3

51110.27 589.57 -47.8 1.5

diagram is in good agreement with the mass determination from the light urve (Table 15),

and they are loated on the same isohrone of � 10

9

years, within the error bars.

Hene all parameters that we found for the seondary (radius, temperature, mass and lumi-

nosity) are onsistent and suggest a late F dwarf star (F6/7 V).
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Table 9. Radial veloities and (O �C) residuals for HD 195692.

Date (JD) Cyle RV (O � C)

2400000+ km.s

�1

km.s

�1

47459.39 -60.10 5.6 -0.6

48133.42 -0.41 -60.5 -0.7

48135.45 -0.23 -22.0 -0.4

48136.44 -0.15 -0.5 1.0

48137.41 -0.06 11.1 -0.4

48936.35 70.69 -40.2 0.1

48937.34 70.78 -18.3 0.2

48939.28 70.95 12.3 -0.1

48940.25 71.04 12.1 -1.4

48941.28 71.13 2.3 -0.2

48966.25 73.34 -46.0 0.5

48967.24 73.43 -60.7 0.4

48969.25 73.60 -57.2 0.1

48970.25 73.69 -41.5 -1.9

48972.24 73.87 2.3 0.8

49141.61 88.87 1.8 0.5

49143.61 89.04 12.0 -0.9

49144.58 89.13 1.4 -0.4

49145.58 89.22 -19.4 -1.8

49146.59 89.31 -38.5 1.1

49147.55 89.39 -57.3 -0.6

49318.32 104.52 -64.6 0.6

49319.26 104.60 -57.6 0.4

49320.27 104.69 -40.7 -0.1

49321.27 104.78 -19.0 -0.2

49323.25 104.95 13.1 0.4

49325.28 105.13 0.9 -0.6

49644.38 133.39 -56.5 -0.3

50191.62 181.85 -0.7 0.9

50193.63 182.03 14.7 1.0

50194.64 182.12 3.9 0.3

50195.63 182.21 -16.0 -1.2

50323.54 193.53 -64.0 0.5

50325.44 193.70 -36.9 0.4

50326.48 193.79 -16.3 -1.8

50327.43 193.88 3.1 -0.3

50328.46 193.97 13.1 -0.6

50329.51 194.06 12.1 0.7

50419.29 202.01 13.5 -0.8

50420.27 202.10 8.2 1.4

50421.23 202.19 -10.1 -0.4

50738.36 230.27 -29.2 1.0

50740.41 230.45 -64.7 -1.2

50745.44 230.90 7.5 1.2

50746.47 230.99 15.0 0.7

50976.50 251.36 -49.0 1.6

50979.55 251.63 -52.7 0.4

52821.59 414.75 -25.9 -1.1

52822.55 414.84 -2.9 1.8

4.5 Inuene of the undeteted ompanions

As already mentioned, we assumed that the photometri ontribution of the ompanion

was negligible for the other systems whih were deteted as SB1 only. The absene of a

seondary orrelation dip in the VR data, implies a large magnitude di�erene between the

two omponents (roughly �m

V

� 2:0) or a large spin veloity for the ompanion (v sin i >
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Table 10. Radial veloities and (O �C) residuals for HD 199360.

Date (JD) Cyle RV (O �C)

2400000+ km.s

�1

km.s

�1

49642.36 0.81 9.4 0.1

49643.34 1.30 1.7 0.5

49644.34 1.80 8.4 -0.3

50324.46 342.09 14.9 -0.1

50325.45 342.58 -5.2 0.2

50326.45 343.08 15.2 0.0

50327.32 343.51 -7.8 -1.0

50327.47 343.59 -5.1 -0.1

50327.64 343.68 0.2 0.5

50328.36 344.03 16.3 -0.1

50329.35 344.53 -5.7 1.0

50329.63 344.67 -0.3 0.4

50416.33 388.05 16.1 0.0

50418.38 389.07 14.9 -0.6

50419.32 389.54 -6.8 -0.4

50420.35 390.06 15.7 -0.1

50421.31 390.54 -7.3 -0.9

50609.62 484.76 5.3 -0.1

50611.60 485.75 4.2 -0.4

50615.59 487.75 4.7 0.1

50738.38 549.18 9.9 -0.1

50738.50 549.24 5.2 -0.4

50739.36 549.67 -0.7 0.1

50740.34 550.16 11.3 0.1

50740.50 550.24 5.3 -0.5

50741.36 550.67 -1.3 -0.4

50741.51 550.74 4.3 -0.2

50745.36 552.67 -0.5 0.2

50745.49 552.74 3.2 -0.6

50746.25 553.11 13.9 0.2

50746.48 553.23 6.1 -0.1

50975.59 667.86 13.1 0.5

50976.48 668.31 0.6 -0.1

50976.59 668.36 -2.6 0.1

50977.52 668.83 10.3 -0.2

51106.37 733.30 1.9 0.3

51107.41 733.81 9.5 0.0

51110.38 735.30 0.8 -0.4

52820.47 1590.91 15.5 0.7

52820.59 1590.97 16.9 0.5

52821.46 1591.41 -4.2 0.6

52821.54 1591.44 -5.1 0.9

52821.55 1591.45 -6.2 0.0

52822.46 1591.90 14.8 0.2

52822.54 1591.94 15.4 -0.4

52824.62 1592.98 16.9 0.3

40 km.s

�1

). As we shall see in Set. 4.7, tidal interation between the two stars tend to redue

the spin veloity whih makes the latter possibility rather unlikely. Another possibility for

aounting for the absene of detetion of the seondary ould be that the ompanion is a

hot star without metalli lines (e.g, A-type star). But the values of the mass funtion that

we found (f(m) � 0:15 M

�

) for those objets implies that, statistially, the ompanion has

a mass ofM

2

� 1:4 M

�

(value obtained with i = 60

Æ

andM

1

= 2 M

�

), whih orresponds to

a star of F5-type or later. Note that the spetrum of suh stars exhibits metalli lines whih
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make those stars detetable by CORAVEL when �m

V

< 2. Hene the absene of detetion

suggests that the ompanions are not brighter than this limit.

In the ase of a ompanion with �m

V

� 2, the loations of the primaries in the HR diagram

of Fig 3 would be slightly shifted to the bottom left (about �0:06 in logL and +0:006 in

logT ), sine their luminosities would be overestimated and their temperatures underesti-

mated.

4.6 Cirularization of the orbits

4.6.1 Zahn's theory of dynamial tides

Dissipative phenomena ourring in tidal interation between omponents of lose binaries

lead to orbital irularization and synhronization between spin and orbital period. For

stars with an outer radiative zone, like Am stars, Zahn (1975, 1977) proposed that the main

dissipative mehanism was radiative damping ating on the \dynamial tide". In that ase,

Zahn showed that the irularization timesale, t

ir

(de�ned suh that 1=t

ir

= � _e=e), is a

steep funtion of the frational radius R=a:

1

t

ir

=

21

2

�

GM

R

3

�

1=2

q (1 + q)

11=6

E

2

�

R

a

�

21=2

(3)

where E

2

is related with the dynami tidal ontribution to the total perturbed potential.

The tidal onstant E

2

is dependent on the stellar struture and strongly varies with mass

and time:

� For a given mass, it is a strongly dereasing funtion of the onvetive ore size. Thus,

when the star evolves o� the main sequene, its ore shrinks and E

2

dereases very quikly.

E

2

an hange in several deades during stellar evolution for a given mass (Claret & Cunha,

1997).

� For nearly homogeneous models of stars near the ZAMS, with masses of 1.6 to 5 M

�

,

logE

2

hanges from �8:5 to �6:8 (Zahn, 1975, and Claret & Cunha, 1997).

The strong dependene of E

2

on the internal stellar struture, whih is unfortunately badly

known, indues large unertainties on t

ir

.

To ompute t

ir

for our systems (Line 26 of Table 14) we performed a paraboli interpolation

of the tabulated E

2

values omputed by Zahn (1975), whih are in very good agreement with

more reent omputations by Claret & Cunha (1997). Exept for HD 126031, for whih q

was known, we assumed q = 0:5 for all systems (note that t

ir

has a small dependene on
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q). In all ases, the harateristi irularization times we found are larger (for HD 199360),

or muh larger (for the other systems) than the ages of the stars. Hene the irular orbits of

HD 19342, 102925, 126031, 155714, 195692 and 199360 annot be explained by tidal e�ets

ating on the Am stars during their life in the main sequene, in the ontext of Zahn's theory

(see disussion in next setion).

4.6.2 Curve of e versus R=a

In Eq. 3 we have seen that Zahn's theory stressed the importane of the \frational radius"

parameter (R=a), and predited that t

ir

/ (R=a)

�21=2

. Indeed, Giuriin et al. (1984) showed

on a sample of 200 early-type binaries (O, B, A-type) that the transition between eentri

and irular, or quasi-irular (i.e., e < 0:05) orbits was rather sharp and ourred at about

(R=a)



� 0:24, whih agreed well with Zahn's theory.

Following those authors, we omputed the frational radius for eah objet of our sample

(Line 20 of Table 14), by using for a the mean value a of a

min

and a

max

(Line 19). The

resulting plot (Fig 6) suggests that the ritial value of the frational radius is (R=a)



� 0:15.

This is smaller than that proposed by Giuriin et al., that was in full agreement with

Zahn's model. Hene this plot illustrates also the disrepany that we �nd with Zahn's

preditions: there are more irularized systems than what is expeted from models with

radiative dissipation of dynamial tides.

However, let us reall that Eq. 3 is valid for homogeneous systems, made of two stars

possessing a radiative envelope. As seen in Set. 4.5, our systems are not homogeneous, and

the unseen ompanions are likely to be onvetive late-type stars, with masses less than

1.4 M

�

. For stars having a onvetive envelope, dissipation by turbulent visosity is the

dominant proess. Aording to Zahn & Bouhet (1989), the irularization of orbits takes

plae in the very beginning of the Hayashi phase of pre-main sequene phase, for late-type

binaries. There is little further derease of the eentriity on the main sequene. Hene

the onvetive dissipation ating on the ool ompanion may irularize the orbit of a non-

homogeneous binary system. Zahn & Bouhet showed that the theoretial ut-o� period,

whih separates the irular from the eentri systems is P � 8 days for onvetive stars

with masses ranging from 0.5 to 1.25 M

�

. This would provide a natural explanation for the

presene of irular orbits for the shortest period systems of our sample, namely HD 126031,
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155714 and 199360. The ase of HD 19342 and 102925 with periods longer than 42 days and

16 days, respetively, is more puzzling: those systems may have formed as irular, indeed.

4.7 Rotation{revolution synhronism

In Paper V, we studied eight binaries with orbital period P � 10 days, and onluded

that all those systems have probably reahed the rotation{revolution synhronism state. In

the present sample, as seven out of ten binaries had periods larger than 10 days, it was

interesting to test the rotation{revolution synhronism for those objets.

4.7.1 Kitamura & Kondo's test

For that purpose, we used a test whih onsists in omparing the radius R

1

of the primary

with R

syn

, the expeted value of the radius obtained when assuming that (i) synhronism

has been reahed, and (ii) that the orbit and the equator of the star are oplanar. In that

ase we have the relation:

R

syn

=

v P

50:6

=

v sin i P

50:6 sin i

(4)

where v is the tangential equatorial veloity in km.s

�1

, P is the orbital period in days, and

R

syn

is the star radius in solar radii. The quantity v sin i is an observational datum, that

an be derived from the analysis of the CORAVEL orrelation dips (see Benz & Mayor

1981, 1984). The value of v sin i for eah star of the sample was alulated by S. Udry at

Geneva Observatory and is given in Line 5 of Table 14. Unfortunately, i is unknown for

all the systems we studied, exept for HD 126031 whih presents elipses. Nevertheless, as

sin i � 1, the relation (4) implies:

R

1

� R

syn;min

with R

syn;min

= v sin i� P=50:6 (5)

whih is a neessary ondition for synhronism, and known as Kitamura and Kondo (1978)'s

test (hereafter KK-test). Indeed, given P and v sin i, a star with a radius R

1

, suh that

R

1

< R

syn

, has an angular rotation whih is too large for synhronism. The values of

R

syn;min

are given in Line 22 of Table 14 Notie that for the eentri orbits, namely for

HD 36360, 127263 and 138406, we must take into aount the pseudo-synhronous rotation

period (see Hut 1981, formulae 44 and 45) instead of the orbital period, i.e., 201.5, 8.7 and

20.3 days, respetively.
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Comparing those values to the theoretial values of the radii (Line 13 of Table 14), we see

that the last six stars of the list (HD 126031 to HD 199360) satisfy the inequality (5), taking

into aount the quoted errors: therefore they are likely to rotate in synhronism or pseudo-

synhronism (in Line 23, we put \likely" synhronism for those objets). As expeted, among

the synhronized stars we �nd the systems with the shortest periods, namely HD 126031,

155714 and 199360.

4.7.2 Comparison with Zahn's theory

With the same theoretial desription of radiative dissipation indued by tidal e�ets that

we desribed in Set. 4.6, Zahn (1975) also predited values for t

syn

, the harateristi

synhronization time of binary systems. He obtained:

1

t

syn

= 5� 2

5=3

�

�

GM

R

3

�

1=2

q

2

(1 + q)

5=6

E

2

MR

2

I

�

R

a

�

17=2

(6)

where I is the momentum of inertia of the star.

Like for t

ir

(Set. 4.6), we omputed the values of t

syn

using the tabulated E

2

and MR

2

=I

of Zahn (1975), with q = 0:5 for all systems, exept for HD 126031 for whih q = 0:75 was

known. The orresponding values are displayed in Line 27 of Table 14.

Here, the agreement with Zahn's radiative theory is better than for t

ir

(see Set. 4.6):

� all systems for whih KK-test is negative have t

syn

� t

age

, where t

age

is the age of the

star (Line 25 of Table 14);

� for HD 199360, t

syn

� t

age

and indeed this system is very likely to be synhronized

(sine KK-test is positive and the period is very short, P = 1:99 d);

� the agreement with Zahn's theory is marginal with log t

syn

� log t

age

for HD 126031

(synhronized) and HD 155714 (very likely to be synhronized with a positive KK-test and

a very short period).

The only lear possible disagreement is found for the systems HD 127263, 138406 and 195692

whih have a positive KK-test and t

syn

> t

age

� 10

2

.

Hene the tidal e�ets seem more eÆient for synhronizing binaries than what is expeted

from Zahn's theory of radiative dissipation. A possible explanation ould be that synhro-

nization by tidal e�ets starts from the upper layers of the star and then proeeds inwards

to the enter (J.-P. Zahn, 2003, private ommuniation). As observational data (rotation

veloity) onern the surfae of the star, there is a possible bias of onsidering as synhro-
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nized stars objets for whih synhronism state is not fully reahed on the whole star. A

theoretial problem would then be to derive the harateristi time t

start

when the proess

starts in the surfae and the typial duration �t

mig

of this migration proess, from the sur-

fae to the enter. For HD 127263, 138406 and 195692, this time would be very large with

t

start

� 10

�2

t

syn

and �t

mig

� t

syn

.

As a general onlusion of this setion and Set. 4.6, the radiative dissipation of dynamial

tides as presented by Zahn (1975) is not eÆient enough to irularize and synhronize the

binary systems we have studied. Two possibilities may partially aount for this situation:

� Cirularization of the orbit is performed with a greater eÆieny by onvetive dissipa-

tion of tidal e�ets ating on the ool ompanion during the pre-main sequene stage.

� Synhronization of the radiative primaries is suggested by observations muh earlier

than the harateristi times indiate, sine the proess starts from the surfae.
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Table 11. Orbital elements of the SB1 systems. In Col. 3, T

0

is the epoh of periastron passage, exept for systems with e = 0

(irular orbits). In that ase T

0

orresponds to the asending node passage.

Name P T

0

(JD) ! e K

1

V

0

a

1

sin i f(m) �

(O�C)

days 2400000+ deg. km.s

�1

km.s

�1

Gm M

�

km.s

�1

HD19342 42.6301 49323.630 { 0.0 26.80 6.16 15.71 0.0853 0.37

�0:0027 �0:075 { { �0:10 �0:07 �0:06 �0:0009

HD19910 15.41418 49325.46 67.2 0.059 45.77 11.64 9.68 0.1526 0.94

�0:00022 �0:20 �4:8 �0:005 �0:23 �0:17 �0:05 �0:0024

HD36360 216.54 49129.1 116.1 0.112 12.37 13.90 36.60 0.0417 0.47

�0:12 �3:6 �6:2 �0:012 �0:17 �0:11 �0:59 �0:0020

HD102925 16.43718 49798.439 { 0.0 26.62 -0.89 6.02 0.0322 0.64

�0:00091 �0:046 { { �0:17 �0:12 �0:04 �0:0006

HD127263 14.23834 50488.062 248.6 0.319 24.87 -14.07 4.62 0.01936 0.42

�0:00014 �0:035 �0:8 �0:004 �0:11 �0:08 �0:03 �0:00034

HD138406 25.8513 49792.55 9.8 0.213 10.75 -6.68 3.73 0.00311 0.36

�0:0011 �0:19 �2:6 �0:010 �0:11 �0:08 �0:05 �0:00012

HD155714 3.334772 49144.192 { 0.0 6.28 -43.63 0.288 0.000086 0.82

�0:000055 �0:022 { { �0:18 �0:13 �0:008 �0:000007

HD195692 11.292249 48138.102 { 0.0 39.92 -25.49 6.20 0.0746 0.88

�0:000081 �0:014 { { �0:19 �0:14 �0:03 �0:0011

HD199360 1.9986874 49640.743 { 0.0 11.74 4.90 0.323 0.000336 0.42

�0:0000086 �0:005 { { �0:11 �0:07 �0:003 �0:000009

Table 12. Orbital elements of the SB2 system of our sample. In Col. 3, T

0

is the epoh of the asending node passage.

Name P T

0

(JD) ! e K

1

K

2

V

0

a

1

sin i a

2

sin i M

1

sin

3

i M

2

sin

3

i �

1(O�C)

�

2(O�C)

days 2400000+ deg. km.s

�1

km.s

�1

km.s

�1

Gm Gm M

�

M

�

km.s

�1

km.s

�1

HD126031 3.782624 50480.328 { 0. 82.23 110.10 -28.37 4.277 5.727 1.600 1.195 0.92 0.49

�0:000006 �0:003 { { �0:18 �0:26 �0:12 �0:009 �0:014 �0:011 �0:008

Table 13. Str�omgren photometry and derived data with Crawford (1979)'s alibration (see Set. 4.1).

HD � b� y E(b� y) m

1

(m

1

)

0



1

(

1

)

0

(Æm

1

)

0

19342 2.73 0.31 0.10 0.20 0.23 0.77 0.75 -0.05

19910 2.81 0.19 0.04 0.20 0.21 0.73 0.72 -0.01

36360 2.80 0.16 0.01 0.24 0.24 0.81 0.81 -0.04

126031 2.74 0.20 �0.01 0.23 0.23 0.66 0.67 -0.04

127263 2.83 0.14 �0.01 0.28 0.28 0.80 0.80 -0.07

155714 (2.72) 0.23 0.01 0.19 0.19 0.68 0.67 -0.01

195692 (2.78) 0.16 0.00 0.21 0.21 0.76 0.76 -0.01

199360 (2.81) 0.18 0.03 0.25 0.26 0.74 0.73 -0.06
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HD 19342

HD 36360

HD 102925

HD 127263

HD 155714

HD 199360
HD 195692

Figure 3. Loation of the primary omponents of the Am SB1 in the theoretial evolutionary HR diagram omputed by

Shaller et al. (1992) for Z = 0:02, with the isohrones (dotted lines) given by Meynet et al. (1993), for log age[years℄ varying

from 8.7 to 9.2 by steps of 0.1. The solid lines orrespond to the evolution traks for mass values of 1.5, 1.7, 2.0 and 2.5 M

�

.
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HD 126031a

HD 126031b

Figure 4. Loation of the two omponents of HD 126031 in the theoretial evolutionary HR diagram omputed by

Shaller et al. (1992) for Z = 0:02, with the isohrones (dotted lines) given by Meynet et al. (1993) (shifted version of

Fig. 3).
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Figure 5. Light urve of HD 126031 obtained by Hipparos, resaled to the spetrosopi period, with Min I =

HJD 2447859.9071�0:0005 as the origin of phases. The �tted model with EBOP and WD are plotted in solid line and the

residuals are given in the bottom with the 3-sigma level marked with dotted lines.
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Figure 6. Eentriity versus the frational radius R=a for this sample (irles) and for the systems of Paper V (triangles).
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Table 14. Estimated physial parameters of the primary omponents from observational data and theoretial statements. For

the reddened objets, the magnitudes orreted for interstellar absorption are indiated in brakets (lines 3 and 4).

HD 19342 19910 36360 102925 126031 127263 138406 155714 195692 199360

HIP 14653 { 25995 57813 70287 70814 75764 84230 101300 103335

V 8.00 (7.59) 9.34 (9.19) 7.17 7.24 (7.14) 7.54 8.14 6.91 (6.74) 7.06 6.51 7.85 (7.73)

B � V 0.47 (0.33) 0.30 (0.25) 0.28 0.18 (0.15) 0.34 0.24 0.13 (0.07) 0.38 0.26 0.31 (0.27)

v sin i (km.s

�1

) 9.9 �1.0 14.1 �1.0 20.0 �1.0 8.0 �1.0 24.4 �2.4 11.0 �1.0 6.6 �1.0 17.4 �1.0 9.6 �1.0 13.5 �1.0

� (mas) 5.52 �1.11 { 7.29 �1.08 8.78 �0.64 7.38 �0.92 7.14 �0.74 3.55 �0.54 11.06 �1.21 12.33 �0.70 6.78 �0.90

d (p) 181

+46

�30

{ 137

+24

�18

114

+9

�8

135

+20

�15

140

+16

�13

282

+50

�38

90

+12

�9

81

+5

�4

147

+23

�17

M

v

1.30 �0.51 { 1.48 �0.32 1.86 �0.16 2.14 �0.3 2.41 �0.23 -0.51 �0.36 2.28 �0.24 1.96 �0.13 1.89 �0.29

logL=L

�

1.37 �0.22 { 1.30 �0.14 1.14 �0.08 1.03 �0.15 0.92 �0.10 2.09 �0.16 0.98 �0.11 1.10 �0.06 1.13 �0.13

T

e�

(K) 7100 �70 7800 �70 7700 �70 8100 �100 7370 �80 7900 �70 8700 �150 7000 �80 7500 �80 7800 �80

log g(gs) 3.6 4.4 4.0 { 4.1 4.1 { 4.0 4.1 4.2

[Fe=H℄ +0.67 +0.29 +0.55 { +0.64 +0.93 { +0.34 +0.30 +0.75

R

1

=R

�

3.2 �0.8 �2 2.5 �0.4 1.9 �0.2 2.1 �0.3 1.5 �0.2 4.9 �1.0 2.1 �0.3 2.1 �0.2 2.0 �0.4

M

1

=M

�

2.00 �0.20 �2.0 1.95 �0.10 1.85 �0.05 1.70 �0.10 1.70 �0.05 � 3 1.65 �0.10 1.80 �0.05 1.80 �0.10

M

2min

=M

�

0.9 1.1 0.7 0.6 { 0.4 0.3 0.06 0.3 0.1

M

2max

=M

�

1.2 1.2 1.2 1.1 { 1.0 1.8 1.0 1.1 1.1

a

min

=R

�

73.1 38.2 209 36.5 14.5 31.8 54.8 11.2 28.8 8.3

a

max

=R

�

75.6 38.4 222 39.0 { 34.5 61.9 13.0 29.8 9.5

a 74.4 38.3 216 37.8 14.5 33.2 58.4 12.1 29.3 8.9

R=a 0.04 0.05 0.01 0.05 0.13 0.05 0.08 0.17 0.07 0.22

i

min

(deg.) 53 75 39 36 { 31 13 5 53 7

R

syn;min

=R

�

8.3 �0.8 4.3 �0.3 79.6 �4.0 2.6 �0.3 1.8 �0.2 1.9 �0.2 2.6 �0.4 1.15 �0.07 2.1 �0.2 0.53 �0.04

Synhronized? no no no no yes �likely likely likely likely likely

Cirularized? yes no no yes yes no no yes yes yes

log age[years℄ 9.00

+0:10

�0:08

{ 8.94

+0:02

�0:03

8.77

+0:06

�0:12

9.00

+0:03

�0:10

�8

�

0:7 �8.7 9.13

+0:03

�0:02

9.00

+0:02

�0:05

8.90

+0:03

�0:14

log t

ir

[years℄ 17.6 16.3 23.4 16.7 12.3 17.2 14.1 11.4 15.4 9.9

log t

syn

[years℄ 14.1 12.9 18.7 13.3 9.6 13.7 11.1 9.1 12.2 7.8

Table 15. Results from the �t of the Hipparos light urve of HD 126031.

Parameter Value Error Unit Origin

i 82.7 0.3

Æ

light urve

T

e�1

7370 80 K Str�omgren's photometry

T

e�1

=T

e�2

0.87 0.01 { light urve

R

1

1.94 0.03 R

�

light urve & spetro.

R

2

1.39 0.04 R

�

light urve & spetro.

a 14.49 0.01 R

�

light urve & spetro.

M

1

1.64 0.02 M

�

light urve & spetro.

M

2

1.23 0.02 M

�

light urve & spetro.

�m

V

1.41 0.15 mag. light urve & spetro
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