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1 The scientific goals

In 1994-19% we carried out the te¢ radid velocity observatios of SrCrEu stars with the Moscaw
State Universiy CORAVEL-type radial-velociy spectrophotomete(RVS, Tokovinin (1987)) The
main goak of the observatios were testing the fithess of accuraé radid velocity (RV) measuremerst
with CORAVEL-type spectrophotometsrwith cross-correlatin templates for the asteroseismolog
of Ap stais (Mkrtichian, 1994) determinatimm of typica accuray for stars with differert rotationd
velocities seard for pulsationa RV variability. The exces of metallic and rare-earh elemen spee
tral lines in specta of Ap stais holds out hope to achiew a suitabk accurag of V, measuremerst
even for the eary A and F Ap stars

The typicd FOp SrCrEu staisy Equ (v sini < 5 km s*) and 49 Cam (v sin % = 22 km s’
(Bonsak et al.,, 1974)) as the two stars with the low and relatively high rotationd velocities were
included in our program

The complek resuls with the analyss of rapid V, variability of these two stais will be publishal
in a separa¢ article we note her only that the typica internd errors of a single one-minuge
integratian for v Equ on the 10 m telescop of the Simez Statin of the Sternbeg Institute were
in the range of 120-3®M ms*, the accurag of 8-minute integratin time for 49 Cam at the 0.7
m telescop of the Sternbeg Institute gaves a typicd internd error pe single measuremen of
450 - 870 ms".

2 The 1994-1995 RVs of 49 Cam

The 199 observatios of 49 Cam were carried out on the 0.7 m Zeiss telescop of the Sternbeg
Astronomicd Institute (Moscow, Russig during 4 nights in spring We usal the cross-correlatio
mak of Alpha Bootis (Tokovinin, 1987 not optimized for Ap stars

Our first estimats of V. in 19% immediatey shav significart differences (approximatey
+13 km s') betwee our estimats of the mean RV and the value 14+15 km s* from Wilson's
Gener# Catalg of Radid velocities (Wilson, 1953 Young, 1945)

A compariso of our 199 data and the availabk V, for the 49 Cam RVs given in the papes
of van den Heuvéd (1971) Bonsak et al. (1974 shows a monotonc increag of the mean V, from
14 kms' to abou 15 kms* over the lagt 50 years

We continua our RV measuremerst of 49 Cam during three nights in the spring-summe of
19% and detectd an unpredictabé rapid decline in the RVs during 1994-19% from +16 km s’
to -0.9 km s'.

The compilad mean V, data of all the authos are presentd in Table 1.

The first and secom columrs give the yea and the mean Julian Dates of observationsrespee
tively, the third and fourth — the estimate of the mean V, and the standad error of the mean the
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Table 1: Mean radial velocities of 48 Cam.

Year JD VR o N v, Reference
2440000.+ kms™' km s™!
<1945 - 1.4 1.5 4 - Young,1945
1969 384.3 5.3 0.3 6 - Heuvel, 1971
1971-72 1422 7.2 0.12 17 - Bonsack et al.,1974
1994 9419 418 16.22 0.95 1 0.851 This paper
1994 9449.350 13.82 0.62 11 0.835 -
1994 9455.363 14.55 0.9 12  0.237 -
1994 9469.333 9.98 0.87 11 0.496 -
1995 9789.349° 6.63 0.62 1 0.151 -
1995 9791.424 4.37 1.17 2 0.635 -
1995 9865.323 -0.89 2.42 2 0.875 -
20 r g ——
Vr %
10} K3
- KX
* )
t -
"I 1
10 L \ ,
2428000 2438000 2448000 D

Figure 1:

fifth and sixth — the numbe of averagd estimats and the rotationd phase and the las colum
gives the references

The rotationd phase were calculatel accordig to ephemeride of Leroy et al. (1994
JD(negative crossover)= 2441254.8 + 4.286& days

The mean RVs versis the Heliocentrtc Julian Date are presentd in Fig. 1. Unfortunately for
the mean value of 14 kms* given in Wilson's catalg and in the origind referene (Young, 1945
the date of observatios is not given, we mark this point in Fig. 1 with an arrow as related to sone
momert before the date of publicatin in 1945

Fig. 2 displays our 1994-19% observatios with their error bars as well as the adjuste linear
fit (dashel line) of the data The rapid declire of V, with 0.00 kms* day® is well sea from our
data
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3 Discussion

One can suppog that the probabk reasm for the detectel V, variatiors is the binary motion of
49 Cam From our 1994-19% data the orbita period mug be abou severh years However in
contrag to our resuls the 1971-192 observatios of Bonsak et al. (1973 spannig 328 days did
not shov the pe& to pe& V, changs higha than £2 kms' and arny tendeng to monotont
changes

The nature of sudc significart differences in principle can be producel by the well-known effed
of inhomogeneos surfa@ distribution of elemens and star rotation The range of sud expectel
rotationd differences is limited by % v sin i value and can be approximatey 22 km s* for 49 Cam
The tempord trends can be estimate as

AV, < 4v sin 7

—1y =1 l
A € Tt km s ), (1)

and if we take P, = 4.286 days and v sin i = 22 km s*, this trend can hawe the uppe limit
of values 08 km s*hour’ and in principle can be measurald with the RVS during one night of
observations

However, in our case as the made Alpha Bootis cross-correlatin maslks are not optimized for
SrCrEu stars (see Mkrtichian (1994 concernimg the problen of optimization of masks for introducirng
the periodc spatid filters and gaining the detectio sensitiviy to nonradid moded and rejectal all
the visible spectra lines the possibé influenae of V, variatiors cause by surfa@ inhomogeneitis
and stars rotation was minimized both for the data of Young (1945) Heuvé (1972 and Bonsa&
et al. (1974 where the spectra lines of differert elemens were involved in the calculation of mean
velocity per single plate and differert rotationd phase were involved in the calculation of the mean
velocity of stars

Nevertheless possibe smal variatiors in our mean RVs versts the rotationd pha® can be sea
from Fig. 3, where we presen the residua$ of our estimate relative to the linea fit.

According to Stift (1985) the RV determinatios with CORAVEL-type spectrophotometer
would give the spuriows phase-depend&nRV variatiors due to line asymmety producel by Zeema
splitting. For an 8 kG magnetc field and rotationd velocities betwee 5 and 10 km s* he gives the
RV amplituce of 10-20 kms™.

However, the® expecté spurioss phase-dependénmagnetc RV variatiors overlappe thos
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produceal by the surfa@ chemicd elemens inhomogeneitis are in disagreemen with 1994-19%
drastc declire of RVs coverirg differert rotationd phases It is possibe that a we& contributin
of this effed occuis in the pha® curve of RV residuas in Fig. 3.

According to Leroy et al. (1994 49 Cam has strong and variabk linear polarization (uppe limit
abou 0.26 %) and the magnetc field configuration depars from the simple dipole structure Among
40 Ap starss they havwe observe 49 Cam as one of the mog peculia and almog unique object

The magnetc nature of such RV variatiors can basicaly be explaina if during 1994-19%
49 Cam change the magnetc field configuration as in the yet unexplaineg ca® for the magnetc
sta 52 Her, which twice showel the rapid reversa of magnete polarity from abou +2 to -2.8 kG
in 1975-198 and from -2.8 to +1.6 kG in 1978-19® (Gerth 1990) However for the cas of 52 Her
this polarity reversa was not affectel by any significart radid velocity variations

Note, that evidene of low amplitude cyclic magnetc field variatiors in Ap stars (similar to the
sola p-moce frequeny changs with sola cycle9 is coming from the asteroseismologof roAp stars
Every roAp sta from the sampk of the well-studied roAp stars shows cyclic frequeng variatiors
of nonradid modes (Kurtz et al., 1994)

Returnirg to 49 Cam, we warn to note that the incomplee time coverag@ and the absene of
simultaneos magnetc field measuremerst does not permit us at presem to decice whethe the
detect@ V, variability is causeé by the binary motion of the sta or it is driven by the effecs of the
magnetc field influenee on asymmety of spectra lines

4 Conclusions

Baseal on the previows investigatiors and our 1994-19% radid velocity observatios we can sum
marize the resuls of our work as follows:

t We made 40 new radid velocity measuremeistof 49 Cam coverirg differert rotationd phases

« A comparise betwean our data and all publishel estimats of 49 Cam RVs shows a slow
increa® in RV of 49 Cam from 14 km s' in the early forties up to 162 km s* in 1994

e Our 1994-19% RVs shav arapid declire from 162 km s* to -0.9 km s*. The linea trend
approximation of such a declire is 0.00 kms* day'.
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e We discussd the possibk nature of the yet unexplainel characte of V. variatiors in the star
and mark the uncomma nature of sud variations

5 The present and future work

Due to the uncomma behaviow of 49 Cam the questim of significane@ is to revise the behaviou
of 49 Cam RVs in the past In the SAO collection of spectrograrma there are nine 9 A/mm plates of
49 Cam taken with the Main Stella Spectrographwhich cove 1982-1983-1984 intervd and could
be usal for RV measurements

In the spring of 1995, one of the authois (MDE) carried out three-nigh spectr& observatios of
49 Cam within the intervd of rapid RVs decreas with the SAO 6 m telescop echele spectromete
"LYNX" (Panchk et al., 1993) at the Nasmyth2 focus coverirg differert rotationd phass . The
reduction of the CCD specta is now in progres and would suppot the CORAVEL results

Futhea multisite complex investigatiors of 49 Cam basel on surfae magnetc fields and abun
dane mapping radid velocity and photometrc observatios are neede for defining the nature of
this puzzling star
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