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Abstract. The positions in the HR diagram and the kinematitheir evolutionary statuses, and geometries of their magnetic
characteristics of rapidly oscillating and non-oscillating cherfields.

ically peculiar stars are obtained using new Hipparcos proper Interms of the Stimgren photometric indices, the currently
motions and parallaxes, and our own radial velocity measudsserved limits of the roAp phenomenon are (Martinez 1993):
ments. We find that rapidly oscillating stars, as a group, are

(—0.4740.34) mag above the zero-age main sequence (ZAMS)2-69 < 5 < 2.88, 1
while the non-oscillating stars are {.20+£0.65) mag abovethe 0.08 < b—y < 0.31, (2
ZAMS and so appear slightly more evolved on average. From 19 < ,;,, < (.33, (3)
the comparison of the kinematical characteristics, we concludca B B

2 ; =0.12 < om; <0.02, (4)
that both groups are very similar. The results of radial velocity
measurements indicate that there is a real deficiency of binarids46 < ¢1 < 0.88, (5)
among rapidly oscillating stars. Presently, no such star is know0.31 < dc; < 0.04. (6)

to be a spectroscopic binary. o
In terms of the dereddened parameters, the limits are:
Key words: stars: binaries: general — stars: chemically peculi8

r
— stars: kinematics — stars: oscillations 22 m <0.36, )

040< ¢ <087, ®)
0.98 < [u—b] <1.34. )
1. Introduction However, photometric indices in those ranges are not an un-

Rapidly oscillating Ap (roAp) stars are cool magnetic Ap S,ambiguo_us indicator of the roAp phenomenon. Other Ap sta_lrs
CrEu stars which pulsate in high-overtomex 1), low-degree CO-€XiSt i the same region of the parameter space, in which
(¢ < 3) p-modes with periods from 6 to 15 min and typical® pulsation cquld be detected, despite sometimes thorough
amplitudes of a few mmag. 31 such stars are currently knoR@arches (Martinez & Kuriz1994). .
(Kurtz & Martinez 1993, 1994, 1995; Martinez etal. 1998; Han- Recent studies (e.g., Nelson & Kreid[ 1993; Martinez 1993;
dler & Paunzen 1999). Detailed reviews about roAp stars hafdPka et all.1994; Kupka et al. 1996; Mathys 1993. 1994,
been published by Kurtz (1990), Matthews (1991) and Martin&3athys etal. 1997; Mathys & Hubrig 1997) show that these Ap
& Kurtz (1995a). stars for which null results of searches for pulsations were re-
Determinations of asteroseismological luminosities (Kurferted (hereafter non-oscillating Ap stars, or noAp stars), are re-
& Martinez1993; Martinez 1993; Matthews etlal, 1999) suggedtarkably similar to the roAp stars in many respects (e.g. colour
that roAp stars lie within the instability strip where thé&cuti indices, abundances, magnetic fields). The first hint of a differ-
pulsating variables are found. This leads to the suspicion ti#4C€ between the two groups was recently found through a study
thex-mechanism operating on Hein the Herr ionization zone of their kinematical properties (Mathys et/al. 1996, hereafter Pa-
is driving the pulsation. per 1), based on proper motions taken from the Positions and
Rapidly oscillating Ap stars are ideal targets for applicatidaroPer Motions Star Catalogue (PPM)0$er & Bastian 1991;
of the techniques of asteroseismology. By comparing the dpastian & Rosei 1998) and measurements of radial velocities. It
served frequency spectrum to the asymptotic pulsation thedwveiled the existence of significant kinematical differences be-
it is possible to specify their rotation periods, their temper&¥/€€n roAp and noAp stars, suggesting that roAp stars are older

tures, luminosities, radii, masses, their atmospheric structurff@n their non-pulsating counterparts. However, the conclusions
drawn in that work were limited by the accuracy of the available

Send offprint requests t0S. Hubrig (Shubrig@astro.physik.uni-astrometric data. In this paper we present the kinematical prop-
potsdam.de) erties for roAp and noAp stars which we have determined by
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using new Hipparcos proper motions and Hipparcos parallaxeish a time-scale of 1.6 years. These variations cannot be eas-
and our own radial velocity measurements. ily explained as Doppler shifts caused by companions because
The reader should keep in mind that we call “noAp starshany companions would need to be hypothesised (Kurtz|1998).
those stars in which no oscillations have been detected soN&artinez & Kurtz (1995a) suggest that frequency variability in-
above a certain threshold (which typically differs from star tdicates a magnetic cycle. Therefore, these frequency changes
star), but that one cannot rule out that pulsations may be dige compatible with roAp stars being single.
covered in some of them in the future. Statistically speaking, That until now, no roAp star is known to be a spectroscopic
though, noAp stars truly represent a group where pulsatidsisary, is in direct contrast to the situation for noAp stars, in
have very small amplitudes, if they exist at all. which a large fraction, specifically one third of stars in our sam-
ple, are SB systems, and for other types of pulsating variables
(e.g.,0 Cep starsg Sct stars, or classical cepheids), which are
frequently found in SB systems. Radial velocity data are scarce
Of the 31 roAp stars known, 16 stars were observed by Hipp#sr noAp stars, due to the combination of their relative faintness
cos. As noAp we have selected all the Ap stars (many have magnitudes between 8 and 10) and of the southern
declination of most of them. However, all the noAp stars for
SfRich enough information is available, that is, 10 stars with ra-
dial velocity repeatedly measured, either are SBs or show hints
of binarity. Since of these 10 stars, 8 stars possess well deter-
thined magnetic fields and the two remaining stars are typical
Ap stars showing in their spectra anomalous strong lines of the
elements Sr, Cr and Eu, we can exclude the possibility that bi-

In relation with the second of those conditions, the photary noAp stars could be actually mis-classified Am stars (a
metric parameters were retrieved from Martifez (1993) or frofhass in which the majority of stars belong to binary systems).
the General Catalogue of Ap and Am stars (Renson et al] 199fiyree noAp stars have been observed only once by us and no
In the latter case, the indices were dereddened using the ctfial velocity measurements exist for the remaining 17 noAp
of Moon & Dworetsky [(1985). Martinez gives both the raw angtars. This rather high frequency of binaries may appear sur-
dereddened indices. With respect to Paper |, the sample of ndXsing in view of the often quoted result of Abt & Snowden
stars is larger in this study and consists now of 30 stars.  (1973) who had found only 20% binaries among all magnetic

After completion of our study described in Paper |, we canf&-Ap stars. However Gerbaldi et &l. (1985) found as many as
to realize from the consideration of the data used in it thA¥% binaries among cool Ap stars —including, though, variable
presently, none of the roAp stars is known to be a spectrosco¢ as a criterion, while it betrays sometimes only spots and
binary (SB) although several are members of wide, visual bind@tation —and a long-term CORAVEL survey yielded 27% def-
systems. We obtained at least two measurements of the raifléi¢ binaries (North et al. 1998) in magnetic Ap stars spanning
velocity of 14 of the 31 roAp stars, but we found no evidence f@ wider range of effective temperatures (7000-10000 K) than
variation in any of these stars. For the stars HD 13421Bqu '0OAp stars. Mathys et al. (1997) found 18 binaries among 41 Ap
(= HD 201601) and HD 137949, we have acquired respectivéi{grs (44%) with resolved Zeeman patterns, some of them with
34, 32 and 19 radial velocity measurements during the ye@sy long periodd. Therefore, the frequency of binaries among
1989-1998. No long-term variations larger than the obsen/pP stars seems higher than previously thought, especially when
tional errors were found. Of the remaining 17 roAp stars, we takes into account the long period systems.
have observed 15 only once and 2 have not been observed at allThe present finding of a difference in duplicity between

For the stary Equ, radial velocity changes were reported b{ie group of roAp stars and the group of noAp stars raises the
Scholz et al.[(1997), but they were not confirmed by the obsétestion whether the kinematical characteristics of field bina-
vations at the same epoch by Mkrtichian et/al. (1998). We hakies generally differ from those of single stars. Unfortunately,
also obtained one measurement of the radial velocity around there is no clear answer to this question. In particular, Gliese
same epoch (at HID 2450345.728): itgives= —17.0kms!, (1956) reported that the space velocities of nearby single and
in full agreement with the radial velocity determined by Mkrdouble stars are not strongly different. However, his study is not
tichian et al.[[1998). representative for the stars of spectral type A. Among 18 stars in

In this context, it is interesting to mention the gradual puthe solar neighbourhood of spectral type A to F, only two stars
sation frequency changes found in in roAp stars by Martinez &€ binary systems.

Kurtz (1995b). At present 8 roAp stars exhibit such variations: To take into account possible differences in kinematical
HD 12932, HD 24712, HD 83368, HD 101065, HD 128898&:haracteristics between single and binary stars, we compared the
HD 134214, HD 137949 and HD 217522. For 6 of 8 stars wi&mple of the roAp stars with the subsample of noAp stars con-
have obtained at least two radial velocity measurements. Since

we do not find radial velocity variations for any of these stars, it! Thjs binary fraction is even more remarkable in the present context
seems likely that the frequency variations are intrinsic to thegsnsidering that 6 of the non-binary stars from Mathys et al.’s study
stars. For HD 83368 the variations can be characterized as cyaliroAp stars.

2. Kinematical properties

— in which oscillations have been sought and have not b
detected (Martinez & Kurtz 1994),

— whose photometric indices in the 8tngren system lie
within the limits of occurrence of the roAp phenomeno
(as defined by Martinéz"1993),

— and for which Hipparcos data exist.
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Table 1. Number of stars in the various samples and corresponding stellar data

Set Stellar data roAp noAp single noAp binary noAp
(1) Radial velocities and PPM proper motions 27 13
(2) PPM proper motions 28 65 52 13
(3) Hipparcos proper motions and parallaxes 14 30 20 10
(4) Radial velocities and

Hipparcos proper motions and parallaxes 14 11 3 8

O T T T o stars, the radial velocity of the center of mass is known in one
60 | N | case only, HD 137909. Accordingly, for the other binary stars,
so the table just gives the average of the existing measurements of
n 30 R o e, & oa i— the radial velocity. We do not have spectroscopic observations
5 FRNER P for two binary stars, HD 7676 and HD 218994. HD 7676 was
3, or LU s | found to be a binary system by Strohmeler (1965). HD 218994
o _goL * 4 ” N | isaclose visual binary system with a separatior/@(Renson
x L %8 s K et al.[1991).
-60 - % In Fig.[2d we compare the accuracies of proper motions in
%0 | | Lo 9 the Hipparcos and PPM star catalogues. There is no obvious
0 60 120 180 240 300 360 indication of a magnitude equation between Hipparcos and PPM
1 [degree] proper motions (Figg&l2al] 2b). The errors of Hipparcos proper

_ o _ _ motions are smaller than those from the PPM catalogue by a
Fig. 1. Distribution of the stars of set 3 in the Galactic b) coor- fglctor of 3 (FigddI2e)
C .

dinate system. The crosses, triangles and open circles correspond tory, o o500 distribution of the stars of set 3 in rectangular

the rapidly oscillating Ap stars, the non-pulsating single Ap stars, and . . . .

the non-pulsating double Ap stars, respectively. The stars with kno\gﬁlactlc.coordlnates X_' Y, _Z is shown in _F{E" 3.

radial velocities are identified by a horizontal bar across the corre- 1he€ interstellar extinctionly was derived from thewby3

sponding symbol colour excesses through application of the formdla =
4.3E(b — y) (Shobbrook1983). From the calculated distances
and interstellar extinction values, the absolute magnitudés

taining only recognized binaries (hereafter binary noAp staigkre obtained. We adopted the effective temperatures deter-

with the subsample of noAp stars for which no radial velocityined by Martinez {1993) with the method of Moon & Dworet-

study has been done until now (single noAp stars). Kinematigsy (1985).

properties of noAp stars as a whole group were computed, too. Matthews et al [{T999) have shown that, if the interpretation

For the present kinematical study, we considered four diffesf p-mode spacings in roAp stars is correct, then the Hippar-
ent star samples, defined by the type of information availableos parallaxes impl{f.¢ values significally lower than those
derived by standard methods. The lower effective temperatures

1. the sample studied in Paper I, for which PPM proper motions :
A o . ) would make roAp stars more evolved from the zero-age main
and radial velocities are available;

2. a set for which only PPM proper motions are conS|dered'Sequence.(Z.A.MS)' However, the "ﬂ&ff values f[hey suggest
. . ) are unrealisticin atleasttwo cases, since a detailed spectral anal-
3. one for which we have Hipparcos proper motions and pair-. . . .
allaxes: ysis of o Cir favours the higher classical value (and excludes
' : . . the lower value), while HD 217522 would become a KO dwarf
4. and a subsample of the latter, for which radial velocity mea-
) ifits Teg = 5290 K was taken at face value. In any case, even
surements have been obtained. : .
if the low T, scale was true, it would probably apply to all Ap
The stellar contents of these four sets are summarized in[Tablgtars, whether roAp or noAp, so it would not affect our results

The results of the kinematical study of set 1 have been t&nduly.

ported in Paper I. To determine the evolutionary status of the samples of roAp
The positions in galacti¢/, b) coordinates of the stars ofstars and noAp stars, we calculated the differenkag;, =
set 3 are shown in Fifl 1. M, — MZAMSt Zero-age main sequence absolute magnitudes

Basic data for the stars of set 3 appear in TEble 2: Hipparch&:*"°" were derived from the grids of stellar models of
and HD numbers, apparent visual magnitmfdeight ascension Schaller et a@EDZ) for the relevant effective temperatures.
and declinationdzooo anddaggo), Hipparcos parallax, Hippar- ~ AveragesAMy were computed for each sample from the
cos proper motions with their mean errors and radial veloci§jdividual values ofA My,. The value ofAMy found for the
(V). The uncertainties quoted for radial velocities correspoi@Ap stars is £0.47 + 0.34) mag, and for the noAp stars it
to internal errors, but they should be fairly representative t&f(—1.20 + 0.65) mag. Hence, in agreement with previous re-
the actual measurement accuracy. In the subset of binary ndafis (Paper 1), both the roAp stars and the noAp stars lie above
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Table 2.Basic data for the stars of set 3

HIP HD \Y Q2000 82000 HIP paral. HIP P.M.x HIP PMy Vi
(mag) (mas) (masly) (masly) (km/s)
roAp
5150 6532 8.44 1555.703 —264344.35 4.45+1.3 —33.37 £ 1.37 —17.39+£1.13 22+1.8

14026 19918 9.35 3036.963 —81547.88 3.82+£0.8 —26.24 £0.75 —17.14£0.88 29.6 £0.7
18339 24712 5.99 35516.129 —12557.35 20.41£0.8 —76.94 £ 0.96 —22.14 £ 0.86 23.2+0.4
36537 60435 8.90 73056.976 —575928.36 4.28£0.8 —12.76 £ 0.86 25.11£0.93 18.8+0.4
45658 80316 7.81 91825.030 —202216.15 7.48+£0.9 50.09 £0.77 —42.01 £0.62 9.5+1.1
47145 83368 6.18 93625.433 —48454.57 13.80£0.8 —8.01£0.73 —7.70£0.72 -1.9+1.0
48619 86181 9.39 95453.415 —584145.52 4.14+1.1 —11.59 £ 1.00 14.74 +1.02 7.9+04
56709 101065 8.02 113737.068 —464234.80 7.95+£1.1 —47.30 £0.60 33.93+£0.81 12.4+£3.0
71908 128898 3.18 144230.403 —645830.51 60.97+0.6 —192.64+0.39 —234.07+£0.49 8.3+ 0.6

74145 134214 747 1592.392 —135958.55 10.92+0.9 —46.15 £ 1.02 13.25+0.73 —14.7£0.2
75848 137949 6.69 152934.745 —172627.39 11.21+£0.9 —67.68 £0.87 6.75+£0.63 —28.1+0.5
93179 176232 5.91 185846.924 135424.22 13.45+0.7 0.94 +£0.72 —51.42£0.58 179+ 04

104521 201601 4.70 211020.518 101753.57 28.38£0.9 49.07£0.90 —151.85+£0.64 —-16.6+04
113711 217522 7.54 23146.835 —445027.01 10.49+1.0 —91.93£1.05 —45.55£0.72 44.2£0.5

single noAp
16527 22488 7.51 33246.312 —664345.96 4.84+£0.6 25.19 £ 0.52 9.31 £ 0.57 —
17345 23207 7.56 34244.557 —184249.67 5.64 £1.0 —14.49 £ 1.12 —63.48 £0.91 1.2+£0.6
20033 27285 9.75 41748.143 —195259.07 231£15 6.95 + 1.00 —3.85+1.44 -
22340 30849 8.86 44838.556 —491012.10 2.924+0.8 —0.74+0.83 —0.30 £ 0.84 4.6+0.3
25227 35353 7.66 52343.633 —81722.55 7.30+0.9 —1.70 £ 0.83 —1.87+£0.63 —
33375 51684 7.96 65629.898 —405925.48  3.73+0.8 —8.84 £+ 0.66 14.32 +0.87 -
46166 81588 8.46 92454.445 —48297.42 4.03£0.9 —23.35£1.05 8.48 £ 0.76 -
52218 92499 8.93 10408.603 —43450.83  4.46+0.9 —12.03 £ 0.69 —7.18£0.71 —
54215 96237 9.53 11534.048 —2519.15 1.96 £ 1.3 —5.74 £0.76 2.97+091 -
61785 110072 10.10 123950.247 —342229.06 245+ 1.4 —11.06 £ 1.26 —3.96 £ 0.90 -
63247 112528 8.27 125735.315 —19451.64 2.84+1.2 —49.41 £1.03 4.94 4+ 0.50 -
64886 115606 8.57 13182.438 1300.29 3.30+1.2 —30.61 +£1.01 3.67+0.73 -
73098 131750 8.56 145620.761 —305237.89 2.86 = 1.2 —18.47£1.17 —10.12 £0.91 —
76245 138777 9.75 1534 27.770 —65316.34 1.33+19 —4.88 £ 1.87 —2444+1.14 -
80027 146998 9.54 16209.841 —255126.44 440+£1.6 —35.49 £ 1.96 —22.28 £1.17 -
82340 151301 8.56 164928.298 —542648.33  3.56+ 1.4 —6.47+1.34 —15.79 £ 1.10 —
84017 154708 8.78 171028.480 —58017.55 7.10+£1.1 —19.81 £1.02 —36.23 £0.93 -
90680 170565 9.14 18308.279 —23527.47 272+£15 —4.17 £ 1.42 —21.60 £1.15 -
96177 184471 9.00 193320.458 32343753 3.124+1.0 2.82+0.75 —16.30 £0.91 —40.44+0.2
98357 190145 7.57 195859.697 672819.98  6.65+0.6 25.96 £ 0.63 —6.02 £ 0.66 -
binary noAp
5916 7676 8.40 1166.818 —34855.97  3.17+£0.9 19.36 £+ 0.93 —6.30 = 0.69 —

21460 29578 8.52 43630.805 —543716.17 3.37£0.7 22.61 £0.80 32.30 £ 0.87 22.7+£0.2
37934 62140 6.50 74627.398 624949.92 12.324+0.7 —36.98 £ 0.50 —61.01 £0.51 5.7+0.7
45999 81009 6.51 92250.859 —95019.69 7.20+£0.8 —28.31£0.78 —14.74 £ 0.54 28.9+0.5
64936 115708 7.79 131837.244 262157.08 7.53+£1.1 4.19 £0.87 14.02 £ 0.62 3.9+0.5
65203 116114 7.03 132146.299 —184431.68 7.12+0.9 —46.29 £ 3.58 —13.63 £2.52 5.6 +0.2
75695 137909 3.66 152749.739 29620.59 28.60+£0.7 —181.39£0.38 86.84 £0.57 —22.5£0.5
88627 165474 7.45 18543.282 12014.09 7.69+1.2 —2.48+1.21 —2.83 £ 1.17 13.0+0.4
108340 208217 7.20 215656.756 —615046.36 6.83 £0.9 23.46 £ 0.53 —39.24 £ 0.61 9.0+ 0.5
114629 218994 8.57 231316.103 —60352.90 3.64 2.1 39.72 +£1.66 —21.51£1.91 —

the ZAMS, and roAp stars are found to be less luminous théund here is 0.73 magnitude. The averagad - for different
their non-oscillating counterparts. This is also consistent wiamples are presented in Teble 3.

the result obtained recently by North et al. (1997). The differ- The results in Tablg]3 show that the study based on less
ence in the absolute magnitudes between roAp and noAp stacsurate PPM proper motions only (set 2), gives results that are



D P.M.x(HIP-PPM) [mas/y]

D P.M.y(HIP-PPM)

Z [pc]

Y [pc]

20 T 9o T T T 1 % 2t ° &
L [u} a) E | a4
10 o AN AA - ‘:‘ 5, o R szA AAA a
o o o o X «x E g - T s xoox&ijq\fx 7
0 o x 8 %Q%px Xa 2 o o 8 |
& o 3
B >& DD ><>< o X fé i £ 0 1 1 1 1 1 1
—10 - N . 3 4 5 6 7 8 9 10
L A 4 = C T T ) T T T ]
_20 I I I I I I I 2 B 2 |
3 4 5 6 7 8 9 10 a 8 o ° @
E‘ - oX « O -
% 4 - B x O a N —
= - A B2 £y
: oX
20 Y B[ el L ° Ko T A
T L S T T T £ [x > e ox B0 adig gt
r b) 1 = ol 1 4 T
AN
10 - « NS 3 4 5 6 7 8 9 10
L B, s A —_ T o 1 T T ]
0l oq Y N s
X o 0D o T e a8 T, 4 9 6 e
i 0 x Z)(oo &7 € o ox o © E
-10 A I — = 4 B Xy o0 “
i i = - AX R e
_20 I I I I I I I by 0g x Xe R BB 2a
3 4 5 6 7 8 9 10 " RE o 7, fo o &
V magnitude £ o b S ohd BEE” o1
0 T I 1 I I I
3 4 5 6 7 8 9 10
V magnitude
r T r T T T T 1 T T T T al T 1
400 - - 400 |- -
L A, i LA IN i
A AN
200 - 4 - 200 - o -
o e o e
L N © - L S -
A Ae%%%@% N £ %éé%*e Sa 4
[l N N % — o0+ E N 9% ol _
| N x X A i | pa 9* i
% A & DY
—-200 o 2a - —200 - a° 0 % |
paN paN
- (o] = - (o] .
| 1 | 1 | 1 | 1 | | 1 | 1 | 1 |
-600 -400 -200 0 200 -400 -200 0 200
T T T T T T T 1
L R i Y [pe]
200 A —
AN
L o, i
e
0 N A *%é*}é T
A% L &
L N i
" P
-200 | A% o
EXE
L A i
-400 - -
A
| 1 | 1 | 1 | 1 |
-600 -400 -200 0 200 Fig. 3. Distribution of the stars of set 3 in the plang¥,Y), (X
X [pe] The symbols are the same as in Elg. 1

1035

Fig. 2a—e.Differences of stellar proper mo-
- tions in the Hipparcos and PPM catalogues
(a, b), rms errors of Hipparcos parallaxes
(c) andrms errors of Hipparcos (small sym-

| bols) and PPM (large symbols) proper mo-
tions {d, €). The symbols are the same as in
Fig.[Q

,Z) and(Y, Z).

completely different from those of studies based on the datadets the stars with known radial velocities (dataset 4), we have

1, 3 and 4.

were computed at the distan&e:

R — 1002V =My —Av+5]

calculated the space velocity compondit¥’, W, their disper-

For every star of the sample, the kinematic characteristig®nsoy;, oy, ow, the total space velocitys = (U 24VZ4

W?2)%5 and the elements of the galactic orbits: apogalactic dis-
tanceR,, orbital eccentricitye, and maximum distancg,,, .
from the galactic plane, that the star reaches in its orbital mo-
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Table 3. AveragesA My for the various stellar samples of Taplle 1 Table 4.Space velocity data and mean orbital elements for sets 1 and 4

Set roAp noAp single noAp  binary noAp -
et

(1) —0.6440.35 —0.96+0.38 Parameter roAp hoAp
(2) —-0.9440.36 +0.55+0.54 —0.02+£0.40 +0.704+0.42 —
(3,4) —0.474+0.34 —1.204+0.65 —1.35+0.70 —0.92+0.42 U [km/s] —4.4+6.9 -1.3+6.1

V [km/s] —4.4+3.8 -9.2+4.0

W [km/s] 1.54+2.5 24422

vg [km/s] 36.2+4.4 25.94+3.2
tion. For these calculations we have used the three-dimensionalkm/s] 35.24+4.9 21.2+4.3
galactic potential model of Saio & Yoshii (1979). The velocityv [km/s] 19.5 4+ 2.7 14.0 + 2.8
components are corrected for the solar motion with respectote [km/s] 126+ 1.7 7.7+£1.6
the Local Standard of Rest, with the following values of paitot [km/s] 24.2+3.3 153 +3.2
rameters of the solar motio;, = 15.5 kms™!, Lo = 45°, Lalkpc] 11.89+0.28  11.07 +0.40
Bg = 24°. E 0.1204+0.020  0.109 + 0.012

In Fig [4 we show the distribution of the stellar velocity comZmaz [KpC] 0.58 £ 0.07 0.43 +0.06
ponentd/, V., Winthe(U —V), (U—-W)and(V — W) planes. Set4
The stars with known radial velocities for which spatial velocitiparameter roAp noAp binary noAp
components were c;alculated are mark_ed by an horizontal b%t_ [km/s] 1374185 “02+76 9.0L7.0
In Table[4, we give the space velocity data and the mean ?r'[km/s] 01420 8.8+ 5.0 65+ 55

bital eIement; characterizing the motion of the stars of the VAl [iamis] 0.7+3.2 11426 A8+ 1.8
ous samplesinthe Galaxy. The sample of the stars for which oply|y s 325 +4.9 98.0 -+ 4.2 959+ 3.6
one radial velocity measurement is available is too small (with,3, [kmy/s] 31.9 + 6.0 25.1 + 5.3 19.8 + 4.9
stars), so that kinematical parameters were not calculated sepafkm/s] 104+ 1.4 16.4 + 3.5 15.6 + 3.9
rately for that group. The valu,.. = [(07 4+ 0% +05,)/3]°°5  ow [kmi/s] 12.0+2.3 88419 524 1.3
is the dispersion of the space velocity components. This val,: [km/s] 20.6 + 3.8 18.0 +5.4 14.8 +5.2
in general, is a reasonable indicator of the kinematical and eve- [kpc] 12.02+£0.38  11.304+0.41  11.30+£0.53
lutionary status of different stellar groups. For instance, Mihalds 0.1184+0.019  0.104+0.015  0.093 +0.018
& Binney (1981) give for A5 and FO dwarfs velocity dispersiong ma= [kpc] ~ 0.454+0.08 044 +0.07  0.37+0.08

of 14 and 17 kms!, respectively. For comparison, we also give
in Table4 the results of our previous kinematical study of roAp

stars based on PPM motions and radial velocity measuremeratties listed in Table 5, Set 3, are very close to those found by
(Paper I). Gomez et al.[(1998): 17.0 and 15.8 kmtsfor 12 roAp and 9

For the datasets 2 and 3, only tangential velocity componentsAp stars respectively. Our results for kinematical properties
and their dispersions were computed, making the assumptaimoAp and noAp stars based on PPM proper motions datasets
that the mean radial velocity of the stars is zero. Corresporatow significant differences between roAp and noAp stars and
ing space velocity data are presented in Table 5. Large sca#ear inconsistent with those based on Hipparcos parallaxes. We
of velocity components for different stellar samples is due txplain this inconsistency by the limited accuracy of the astro-
the small number of stars in our samples. Notice that$yr metric data in the PPM Star Catalogue.
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Table 5. Tangential velocity data for sets 2 and 3
0
Set 2
Parameter roAp noAp single noAp binary noAp
[km/g
U —13.6+6.5 -5.8+1.7 -3.1+1.7 —-6.1£1.6
Vv 34+3.1 6.1+14 42+1.5 6.4+1.3 o
w 6.1+3.8 54+1.2 4.0+0.9 54+1.2
Us 36.2+52 129+14 16.6+1.2 12.74+1.3 N
ou 33.9+ 4.6 6.5+1.2 121412 6.0+ 1.1 ©
oy 16.3+£22 52410 10.6+t1.1 49+0.9
ow 19.6 2.7 4.8+0.9 6.8 +0.7 4.5+0.8
Stot 24.5 4+ 3.6 55+1.1 10.1+1.2 52+1.0 4
Set 3
Parameter roAp noAp single noAp binary noAp
[km/g
U ~141471 34440 36+54 102+52 | @ rodp N
17 53427 —5.0+£27 —6.4+41 —-53+46 O noA
W ~70+32 41419 33+34 62436 L ‘ L
Us 302+43 241428 262+32 23.9+4.0 3.95 3.9 3.85
ou 26.4+£50 21.3+28 20.1+38 164+3.7 log(T,,) [K]
ov 101+1.9 155+1.9 155429 14.4+3.2 . , , ,
ow 12.14+23 1024+13 12.7+24 11.5+ 2.6 Flg 5. “Astrometric” HR dlagram (Wltmv = IOO'ZA{V, see teXt) of
Siot 178434 160429 164429 142445 the roAp (full dots) and of the noAp stars (open dots); the recently

discovered roAp stars HD 99563 and HD 122970 are included in this
plot. The horizontal segment at the lower left indicates the typical
error onlog Tes (£300 K in Te), its total length being@ o. The lower
continuous curve (ZAMS) is an isochroneleg ¢ = 5.7 based on the
models of Schaller et al._1992 f&f = 0.020 while the upper curve
QTHAMS) links the 11th points of Schaller et al.'s evolutionary tracks.
e dotted curves are the isochrones at the indiciated while the

3. Discussion

In Fig[3 we show the distribution of roAp and noAp stars i
the special version of the H-R diagram proposed by Aren
_& Luri (L999) an_d cglled by them “astrc_JmetfiC H-R_ diagram”y5shed curves are the main sequence parts of the evolutionary tracks
instead of considering the absolute visual magnitude (or th® masses between 1.5 and 25, .

logarithm of the luminosity), we use what these authors call the

Astrometry-Based Luminosity (ABL) which is written

my —Ay +5
ay =102Mv = 710~ 5

(10) The result that we obtain in this way &y (roAp)) =
2.591, (av(noAp)) = 1.748 and (My (roAp)) = 2.07,
where My is the absolute magnitude;y, the apparent one (My (noAp)) = 1.21, including the two new roAp stars HD
and Ay is the visual interstellar absorption. This quantity ha#9563 and HD 122970 (Dorokhova & Dorokhov 1998; Han-
the advantage that the error bars are essentially symmetritlar & Paunzeri_1999). HD 99563 is a close visual double
(the error on the apparent visual magnitude may be neglectadfh p = 17 and Amy = 1.7, so its visual magnitude and
and that no Lutz—Kelker bias (Lutz & Kelkér 1973) occurszolours are affected. Itgvby3 colours have been used to esti-
Therefore, all stars may be represented, since there is no reaBetel s ~ 8000 K, neglecting the influence of the companion:
to impose any limit on the relative error of the parallaxes.  this estimate should rather be a lower limit. The apparent mag-
The evolutionary tracks for theoretical stars of 1.5, 1.7, 2rgtude has been corrected for the presence of the companion,
and 2.5 solar masses and the isochrdngs = 8.75, 9.0 and Wwhich results inl” = 8.58 instead of 8.32, and a very uncer-
9.2 computed by Schaller et dl. (1992) are also shown. tain Ay = 0.2 was assumed fronk(b — y) = 0.045 esti-
Because the errors on the Hipparcos parallaxes are gausgiated from the colours. This value df- should be regarded
(Arenou et all 1995), the average ABL may be estimated usiag an upper limit, considering the rather high galactic latitude
the weighted mean (b = 48.63 deg) of the star, which in any case has a very un-
_ certain parallax4(r)/m = 0.473). HD 122970 has a much
> ;g better parallax, and itgvby 3 colours (the only ones available)
{av) = ﬁ ) 11 yield T.g = 6960 K — in good agreement with its FO type — and
t %aq E(b—1y) ~ 0.023, henceAy ~ 0.1. If these two stars are not
while the average absolute magnitude is (Arenou & Luri 199 ken into account, the average absolute magnitude of the sam-
ple is not significantly affected: one g€is, (roAp)) = 2.590
(My) = 5log({ay)) . (12) and(My (roAp)) = 2.07.
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1 \ \ selection criterion for detecting roAp stars would certainly lead
to select also lower luminosity stars. One may fear, then, that
we simply have detected this bias.

The question is whether most noAp stars have suffered the
same selection bias than the roAp stars. The simplest way to
4 answer this is to plot the cumulative distributionsef for both
groups. The resultis that both distributions do not differ, accord-
- ingtothe Kolmogorov-Smirnov test (probability level: 64% that
both distribution are drawn from the same parent distribution).
A slightly higher proportion of noAp stars have positive values
of dcy, but removing them would make no significant differ-
ence on Fig. 6, the probability level becoming 0.0005 instead of
0.00012. In conclusion, this possible bias does not really exist.

(2) The noAp stars are systematically fainter — in apparent
4 magnitudes —than the roAp stars, by roughly one magnitude on
average (the difference, judged from cumulative distributions
-4 of my, ranges from~ 1.5 mag aroundny = 7.0 to ~ 0.5
mag aroundny = 9.0). This difference is seen also in the
Hipparcos parallaxes, which are systematically smaller for the

08 My noAp stars than for the roAp ones. Therefore, one may fear

ay=10 that minute variations of 1-2 mmag may have simply escaped

Fig. 6. Cumulative distributions of the “Astrometry-Based Luminosidetection in these fainter stars, which we would, then, have

ties” ay of the roAp stars (continuous line) and of the noAp stargnduly put into the “noAp” category. Non-oscillating Ap stars

(broken line). The “prob.” number is the probability given by the K&re also farther away on average, and more numerous: then,
test, that both distributions are drawn from the same parent distributithhey have a good chance to span the whole width of the main
sequence. The roAp stars, on the contrary, are rarer, and since

the lifetime is longer near the ZAMS than near the terminal-age

Although noAp stars are similar to roAp stars in their colouhain sequence (TAMS), these few objects would tend to cluster
indices, abundances and magnetic fields, the roAp stars &&ear the ZAMS. In the end, one may have the impression that
group are less luminous and less evolved, consistently with f#AP stars are intrinsically brighter on average than roAp stars.
results obtained by North et al._{1997). The noAp stars are also The only way to decide whether or not this bias holds is to
more massive on average than the roAp stars, since their mas§@y that the noise does not increase with apparent magnitude
range from about.6 to 2.5 My, instead ofl.5 to 2.0 M, (see in a significant way. This test is delicate, because the detec-
Fig. 5). The absolute magnitude difference between roAp afi@n of oscillations depends on many factors, such as telescope
noAp stars found in this study is 0.86 mag. aperture, sky transmission stability, total duration of the moni-

From comparison of the kinematical characteristics calci¢ring, and even rotational phase of the star. We have estimated
lated from Hipparcos data, we conclude that both groups dhe noise level on the periodograms published by Martinez &
very similar. We see in Table 4 that kinematical study for the sétirtz (1994) for frequencies larger than 1 mHz and plotted it
4 gives somewhat higher values for the dispersion of the sp&gsinst the apparent visual magnitude to see whether any cor-
velocity componentsS;. for roAp stars compared to that forfelation appears. In cases where there are several periodograms
noAp stars. It can be understood as some hint of older kinem@€- several observing runs) per star, the one giving the smallest
ics for roAp stars. On the other hand, within the uncertaintigdgise was retained. The result is shown on Hig. 7 as full dots.
this result can also be consistent with the view that both roAe open dots in Figl7 are taken directly from Nelson & Kreidl
and noAp stars are of the same or only slightly different agl993), who give the noise in tabulated form and have about the
approximately that described by the isochramet = 8.85. same criteria of noise definition.

A plot of the cumulative distributions afy for roAp and A slight correlation emerges, showing that the above men-
noAp stars shows very clearly two parallel curves (Eg 6), aﬁi@ned bias mlght be real. A more thOfOUgh investigation is re-
the Kolmogorov-Smirnov test indicates that the two distribifiuired in order to checkits significance for the detection of rapid
tions differ at the significance level of 99.98%. Although thigscillations in noAp stars.
seems highly significant, it is necessary to keep in mind two The difference between the masses of roAp stars and noAp
possible observational biases: stars may be important for the understanding of the origin of

(1) Most of the roAp stars were discovered by Kurtz andieir oscillations. Plausibly, convection starts becoming efficient
Martinez. They found that looking for roAp stars among candfor the roAp stars. More generally, the difference of internal
dates with a negative value &, was especially efficienfic; is ~ Structure associated with the mass difference can probably ex-
sensitive to line blanketing, which is heavy for cool Ap stars, bg#ain why oscillations are observed only in the roAp stars. On
also to luminosity through the Balmer jump. Therefore, sucht@e other hand, the domains of the roAp and noAp stars in the

ToADp

-—--noAp

prob. = 0.00012

0.5 — !

cumulative fraction
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1.2

In other words, neither theoretically nor observationally is
our present knowledge sufficient to decide confidently whether
tidal interaction in binaries may reduce the amplitude of or in-
hibit pulsation in cool Ap stars. To establish this, a necessary
condition would be to show that essentially all noAp stars are
binaries. Although this is not inconsistent with the information
available so far, the latter is too incomplete to draw any more
definite conclusion. To gain further insight, it will be important
to establish ihoroAp star is a binary (except for very wide vi-
sual binaries). Another potentially fruitful investigation would
be to search for binarity among the noAp stars in the region
of overlap, since among the stars of this region in which pulsa-
tions have been sought and not found, only three are not definite
binaries.

Answering those questions will require a major additional
observational effort. Future observations aimed at determining
o | | | | the orbital elements of the noAp binaries should also contribute

4 6 8 10 to a better knowledge of the interaction between binarity and
pulsation. Such observations will help to establish which con-
Fig. 7. Noise level versus apparent magnitudes for noAp stars. Fditions must prevail for the appearance of rapid oscillations in
dots: data from Martinez & Kurtz (1994). Open dots: data from Nelsqihol Ap stars.

& Kreidl (1993)
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H-R diagram largely overlap. This shows that mass and inter@ferences

structure differences between the roAp and noAp stars cannot

be the only decisive factor in their respective evolution. ~ AbtH.A., Snowden M.S., 1973, ApJS 25, 137 N
As mentioned above, none of the roAp stars is known to B0 F., Luri X., 1999, In: Egret D., Heck A. (eds.) Harmonizing

a spectroscopic binary. With respect to this, it is noteworthy that ig?mi')c fg‘tance scales in a post-Hipparcos era. ASP Conf. Series

also no pulsating white dwarf is known to be a spectroscopAgenou F.. Luri X.. Froeschi M., et al. 1095, AGA 304, 52
binary (Koestef 1999). In one case, GW Lib, the dwarf PlBastian U., Bser S., 1993, PPM Star Catalogue 3, 4, Spectrum
mary of a cataclysmic variable star shows non-radial pulsations axademischer Verlag, Heidelberg - Berlin - New York
(Warner & van Zy| 1998). However, this is a special case wheg®wling T.G., 1941, MNRAS 101, 367
the white dwarf has been pumpedlig: into the instability strip Dorokhova T.N., Dorokhov N.I., 1998, Contrib. Astron. Obs. Skanat
by accretion heating. Pleso 27, 338

On general grounds, the issue of whether duplicity affedgerbaldi M., Floquet M., Hauck B., 1985, A&A 146, 341
pulsation through tidal interaction is unsettled. From the the@iuricin G., Mardirossian F., Mezzetti M., 1984, A&A 135, 393
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fi hether tidal int i Iso be efficient in d ndler G., Paunzen E., 1999, A&AS 135, 57
question whether tidal interaction may also be efficientin dam ester D., 1999, private communication

ing already existing pylsation; does not Seem to have ever bRﬁBka F., Ryabchikova T., Bolgova G., et al., 1994, In: Zverko J.,
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blel2 because its proper motion and parallax were not measufgfz D-W., 1998, In: Deubner F.-L._, Christensen-Dalsgaard J., Kurtz
by Hipparcos. D. (eds.) New Eyes to See Inside the Sun and Stars. IAU Symp.

. . , el No. 185, p. 231
Tidal forces might conceivably also play a non-negligibl UPZ D.W., Martinez P., 1993, Inf. Bull. Var. Stars No. 3966
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their eccentricity is large enough. Interaction would then oCccl[,+, p W Martinez P.. 1995. Inf. Bull. Var. Stars No. 4209

mostly on the part of the orbit when the components are clos§sfy, T.E.. Kelker D.H., 1973, PASP 85, 573

since tidal forces are strongly dependent on the distance betw@@hinez P., 1993, Ph.D. Thesis, University of Cape Town
the components. At present, though, almost nothing is knowrartinez P., Kurtz D.W., 1994, MNRAS 271, 129

about the orbital eccentricities of the noAp binaries. Martinez P., Kurtz D.W., 1995a, Ap&SS 230, 29
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