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Abstract. The rotation period of the Ap star HDE 318107 has Although the absolute photometry is of high quality, we
been determined from magnetic and photometric observatimiserved nearby HD 162515 as a comparison or check star.
obtained between August 1992 and September 1998. Our differential data were supplemented with older Geneva
observations obtained between 1976 and 1993 and kindly
Key words: stars: chemically peculiar — stars: individualmade available to us by P. North. No comparison star was
HDE 318107 — stars: rotation observed. The photometric data are presented in Table 1,
which is only available in electronic form at the CDS, via
http://cdsweb.u-strasbg.fr/Abstract.html .
1. Introduction The spectroscopic data consist of high-resolution spectra

4 < < 4 i H
The peculiarity of HDE 318107 (= NGC 6405-77 :(7 10* < R < 1110%) obtained between 1992 and 1998 with

CoD —32°13074) was first noticed by North & Cramér (1981ihe ESO Coud Echelle Spectrograph (CES; for a description

duri hot tric studv of th luster NGC 6405 ee Lindgren & Gilliotteé 1989 and Mathys 1994). The mean
unng a photometric study of the open cluster . M gnetic field modulus was derived from the wavelength shift
the Geneva 7-color system. There was statistical evidenc A veen the components of the line e\ 6149.2 (see, e.g

variability, and a period of 52.4 d was proposed later by Nor

1987) on the basis of a | t of photometri fhys et all_1997).
.( thl)on € astls 0 i\/larger s¢€ (:I ptﬁ 0":6 fe me_asTrzmden SAs a by-product, values of the radial velocity were also de-
In the same system. More recently, the star was Included 9. 1t would be beyond the scope of this work to present the
an extensive study of the mean magnetic field modulus of

: . . . individual measurements obtained from the various spectra. The
stars with spectral lines displaying resolved Zeeman compo-

) . ccuracy of the radial velocity determinations is actually some-
nents (Mathys et 1. 1997, and references therein). Heretoo,&@m y y y

dispersion of the field modulus was laraer than th imat fat limited by the distortion of the measured lines under the
spersion of Ihe he odulus was farger than the estima bined effects of rotation and magnetic field (see below), but
measurement error. Although no satisfactory period could he

i ! ere is no evidence for significant variability, so that the aver-
found, the period deduced by North could be discarded. age of all the measurements obtained should be representative

Thanks to additional photometnc and '.“ag"‘e“c measUiStine actual radial velocity of the star. The derived value of this
ments, we are now able to derive a consistent value for aocity is9.4 + 2.0 kms-L. Since almost nothing is known
rotation period of HDE 318107. about the radial velocities of the member stars of NGC 6405,

) ) this cannot at present be used as a criterion to assess membership
2. Observations and analysis of HD 318107 in this cluster.

Photometric material has been collected in 1996 during a 23- Period searches were performed over the various data sets
night observing run at La Silla with the 70 cm telescope #$ing two methods: (1) by looking for the minimum of the
the Geneva Observatory equipped with the standard Geng%squ’are merit function over a set of trial periods (see, e.g.,
photometer (Burnet & Rufenér 1979). The star was obserni@nfroid & Renson 1994; Manfroid & Mathys 1997), and (2)

about once per night in the seven-colour Geneva photomef)t Using the period-searching algorithm proposed by Renson
system U, B, V, B1, B2, V1, G). (1978,1980). The resulting values were checked by visual in-

spection of the phase diagrams.

* Based on observations collected at the European Southern Obser-g4ch data set presents difficulties of its own, so a comparison
V?tc;ry’4'ia 52'"7"’" Chile (55(2) prog;zam;nels NO;' 419'7'03% 53;'05& all periodograms is necessary to select the correct period.
51.7-041, 52.7-063, 53.7-028, 55.E-0751, 58.E-0159, and 61.E-073f¢ o 5tometric variations are small and the data are subject to

and at the Geneva Observatory photometric telescope, La Silla) strong aliasing. The older observations spbanning 17 vears were
** Table 1 is only available in electronic form at the CDS via anony- 9 9- P gLy

mous ftp to cdsarc.u-strasbhd.fr (130.79.128.5) or via http://cdsweb‘.‘alf-semia”y concentrated in two short time intervals separated
strasbg. fr/Abstract.htm by ten years. Hence, the features in the periodograms are split

*** Research Director NFSR
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Fig. 1.Renson’s periodograms for the photometric data of HDE 3181y, 2. Renson'’s periodograms for the measurements of the mean mag-
in GenevaJ — B. The parameter plotted is Rensohy#),. The horizon-  netic field modulus of HDE 318107 deduced from the wavelength shift
tal axis is the frequency ind. The upper plot shows the differentialpetween the components of the linetF& 6149.2. The parameter plot-
data obtained in 1996. The lower plot includes all available, mosilyq is Renson’s /6,. The horizontal axis is the frequency intl The
non-differential, data lower plot details the peak area

into a multitude of aliases. The very narrow extrema are easily
missed or discarded if the frequency resolution is not sufficient.
On the other hand the 1996 observations give a poor res
olution. As they were always performed at approximately t
same hour, powerful 1-day aliases do appear. These observat
show some evidence toward variations with a period of ab

_The problem of the blending of the Edine can be avoided
measuring aNdiline (A 6145 A), conveniently placed inthe
(g)r%ctral range covered by the CES data. In this case, three split
[ne components are observed, and the cleanest measurements

10 days, with aliases, particularly at@and £1. These are the correspond to the wavelength shift between the bluest two. The

only strong features common to both Renson and chi—squ%fé'vat'onl Oftr,lﬁ \c/jgflfue ofthg m; an r;agnetlcflk)tal!dr:n 3dtl;|us frgml
analyses, and they are obvious only for the- B index. The IS wavelength ditterence 1S based on unpublisned theoretica

upper panel of Fig.J1 shows Renson’s periodogram plotted ﬁgf’lue_f_ of :hE Lanlel factlc()_rs dIOf the Ievel_s bte':jwteen WS'CB th‘?
U — B. The narrow peak at frequeney= 0.273/d (P = 3!66) ransition takes place, kindly communicated to us by Lr. J.-

is spurious and does not show up in the chi-square analysis.F' Wyart. With those values, the Zeeman pattern of the line

In the 20-year data set including all Geneva data, the or?eo-,es not depart significantly from a triplet, which is particularly

- ; . le for determination of the field modulus (see Sect.4.2.1
liases h , le peak %arb
day aliases have disappeared, and a single peak stands out r% thys 198D).

clearly among a forest of aliases Bt= 9.7076 4+ 0.0030 d Here t iodici be derived which "
(v = 0.10301/d) according to Renson’s method (lower panel of ere too, a periodicity can be derived which agrees neatly

Fig.[T), orP = 9.7084 % 0.0040 d (v = 0.1 /d) accordin With.theotherdataP:9.7100ﬁ:0.0080d(1/:().1()299/d)ac-
toI%h%)chi—squa9re7gér31alys(i)soo 0d ¥ = 0.10300/d) ng cording to Renson’s method (Fig. 3),Br= 9.7091 +0.0080 d

The spectroscopic data relative to thaHae are relatively (v = O'IOSQO/d) according to the Ch.' ~Square analy§|s. .
noisy because of (1) the faintness of the star and (2) a stran The weighted average of the various period estimaiBsis
blending, especially on the blue side. Thanks to a few additior‘?a%085 +0.0021 d (v = 0.103003/d).
observations (Mathys et al., in preparation) and the revision of
some older measurements, a periodicity can be derived Wh?hAnalysis of the variations
appears to be compatible with the photometric data. We find
P =9.7133+0.0080d (v = 0.10295/d) according to Renson’s Ap stars are normally characterized by very regular periodic
method (FiglR), oi® = 9.7078 4+ 0.0100 d (v = 0.10301/d) brightness variations which can be fitted by simple Fourier se-
according to the chi-square analysis. ries:
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Table 2. Parameters of the least-squares fits for HDE 318107. The first seven lines are the Geneva photometric indices. The last two lines
correspond to the mean magnetic field modulus as deduced framaRd Ndii1. The error on each parameter is indicated in parentheses.

is the scatter around the least-squares fis. the total range of the analytical cun&@/V is the signal-to-noise ratio defined as the total range
divided by the scatter

HDE 318107 P = 97085 to = 2440000.000

A B1 B2 @1 ¢2 g T S/N
1% 9.358 (0.0003) 0.0049 (0.0007) 0.0015 (0.0007) 5.90(0.12) 1.82(0.37) 0.0072 0.0106 1.48
U-B 1.118 (0.0003) 0.0133(0.0007) 0.0019 (0.0007) 4.72(0.04) 5.30(0.34) 0.0070 0.0273 3.92
V—-B 0.936 (0.0003) 0.0049 (0.0007) 0.0004 (0.0007) 4.42(0.12) 3.34(1.35) 0.0068 0.0098 1.44
Bl1-B 0.861 (0.0003) 0.0006 (0.0007) 0.0003 (0.0007) 2.77(0.99) 0.07(1.91) 0.0053 0.0014 0.27
B2-B 1.511 (0.0003) 0.0039 (0.0007) 0.0025 (0.0007) 4.69(0.13) 4.11(0.26) 0.0070 0.0110 1.57
Vi-B 1.647 (0.0003) 0.0050 (0.0007) 0.0020 (0.0007) 4.57(0.11) 3.46(0.29) 0.0079 0.0115 1.47
G-—-B 2.052 (0.0003) 0.0072 (0.0007) 0.0015 (0.0007) 4.53(0.08) 3.69(0.43) 0.0091 0.0153 1.67
(H)(Fe) 14957 (56) 1345 (106) 641 (106) 3.68(0.08) 1.06(0.16) 360 2987 8.28
(H)(Nd1r) 14469 (53) 1633 (113) 1383(112) 3.53(0.06) 2.37(0.08) 659 5275 8.01
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Fig. 3.Renson’s periodograms for the measurements of the mean mag-
netic field modulus of HDE 318107 deduced from the wavelength shif
between the blue components of the lineNd 6145. The parameter | i
plotted is Renson’s /6, . The horizontal axis is the frequency ind 091 r . . i
The lower plot details the peak area 0921 e e
0.93 bl R = .
094 1 o e N 0 T e e e
0.95 | T - T
I .
2me (t — tg 0.96 |- i
TTL(t) = A -+ Z B»L COS <(})) + ¢1) (1) 097 + i
i=1 0.98 |- 1
0.99 L— : : : : : : :
wherem is the magnitudep the fundamental period] the 0.2 0 0.2 0-4phase0-6 0.8 1 12

total number of harmonics — generally 2 are sufficient &,
the time and, the origin of time. The magnetic variations aré-ig.4. Phase diagrams for the Geneva photometric indices of
also often smooth though, in some cases, large departures ffijpE 318107,V, U — B, V — B. Time origin is JD 2 440 000,0.
harmonicity may exist (Mathys et &I, 1897). The mean modul(§€ curves are second-order Fourier series
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Fig. 6. Phase diagrams for the Geneva photometric in@dex B, and

Fig.5. Ph i for th h ic i B L
'9.5. Phase diagrams for the Geneva photometric indigés- 5, for the mean magnetic field modulus deduced fromiféad Ndrir

B2-B,V1-B

approximation is needed to represent therR@measurements.
%he Ndi data are adequately fitted by a second-order model,

ith a first harmonic significantly larger than for the Felata.
both photometric and magnetic measurements of HDE 3181

(H)(t) obeys an equation similar to Eq. (1) with 2 or mor
components.
Least-squares fits show that a wo-sine model is adequat %re differences between the field modulus values determined
. ; . _from consideration of the Reand Ndi11 lines may presumably
The corr_espondmg parame_ters are listed n TEb_Ie 2. The vari Efect different inhomogeneous distributions of these two ions
phase diagrams (observations and analytical fi) are plotte Ubr the stellar surface. However, for Nd, the derived field
Figs[3£b. . - . values may also be affected by contributions to the line profile
The phase diagrams show that variations do occur in m

o ; . ¥hyperfine structure and of isotopic shifts (possibly also vari-
Geneva indices with t.OtaI. amplltude§ bgnNeen 0.01 and 0, eyfrom point to point on the star?, which h(gve not){)een taken
mag. The_ only_exgeptlon 81 — B which is often one O_f the into account in the derivation of the field modulus. Discussion
If;;;)va”able indices for Ap stars (see, e.g., Maniroid et Bt these effects is beyond the scope of the present study.

)).

Inthe case of the mean field modulus, the two-sine approxjcknowledgementsive are grateful to the Geneva Observatory and
mation looks satisfactory, but the uncertainties on the measuggpecially to Dr. P. North who made available the old Geneva data, and
ments corresponding to the maximum of the field (around phager. G. Burki for making possible the 1996 observations at the Swiss
0.4) are too large to allow us to decide whether a higher-ordelescope on La Silla. Our thanks also go to Dr. M. Burnet for his help
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