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Abstract. We present differential radial velocity measuremenie. AKX = 3-5 mag below the empirical end of the main
of Proxima Centauri collected over 4 years with the ESO CE8quence.
with a mean precision df4 ms—'. We find no evidence of a  Recently the efforts to detect substellar objects ne
periodic signal that could corroborate the existence of a sutrox Cen culminated in the announcement of a possible co
stellar companion. We put upper limits (97% confidence) to tipanion by Schultz et al. (1998) who used the HST FOS a
companion mass ranging frotnl to 22 Mj,,;, at orbital periods coronographic camera. These authors reported excess light
of 0.75 t0 3000 d, i.e. separation8.008—2 AU from Prox Cen. Prox Cen seen in two images separated by 103 d. Within t
Our mass limits concur with limits found by precise astromettyme span, the suspected object appeared to have moved in s
(Benedictetal. 1998a and priv. comm.) which strongly constraiation from0.23" t00.34” (indicating a separation ne@sb AU)
the period rang&0-600 d to 1.1-0.22 M;,,. Combining both and in P.A. from5° to 100°. If interpreted as a companion the
results we exclude a brown dwarf or supermassive planetofject would bex 7 mag fainter in the FOS red detector.
separation8.008-0.69 AU from Prox Cen. We also find that, at However, a subsequent observation with the HST WFP
the level of our precision, the RV data are not affected by stellartwo epochs (separated by 21 d) by Golimowski & Schroed
activity. (1998) could not verify the existence of any companion o
ject to Prox Cen within a separation froh09” to 0.85”
Key words: stars: planetary systems — stars: individua{0.11-1.1 AU). The authors concluded that they should ha
Prox Cen — stars: rotation — techniques: radial velocities  seen the object at only 3.7 mag fainter than Prox Cen in their
images taken atum. Consequently, they suggested that th
excess light seen by Schultz et al. (1998) was an instrume
effect.
1. Introduction In this paper we report on 4 years of precise radial veloci
RV) monitoring of Prox Cen and contribute new evidence t
debate on a substellar companion.

Searches for companion objects to Proxima Centauri (Prox C
GJ551, V645 Cen, HIP70890), the nearest sfar(1.2948 +
0.041 pc; M5Ve), date back 20 years to the astrometric work
by Kamper & Wesselink (1978) and the infrared photometrie 1o planet search program at the ESO CES
scanning by Jameson et al. (1983). The most extensive search
so far consists of astrometric monitoring with the HST FGOUr planet search program of 39 late-type stars using hi
#3 (Benedict et al. 1998a) where an astrometric precision RECision RVswas begunatESO La Sillain Nov. 1992. ProxC
0.002” per axis and a detection limit for an astrometric variatiowas first observed in July 1993. We used the ESO 1.4m C
of 0.001” was achieved, thereby strongly constraining the maigdescope and CES spectrograph equipped with the /4.7 L
of a possible companion. Limits to th€-band magnitude of Camera and ESO CCDg30 or #34. The obtained resolving
objects within projected separationslefi0 AU from Prox Cen Power, central wavelength and spectrum length viete 000,
were found by Leinert et al. (1997) to B¢ = 12.9-15.1 mag, 5389 A, and48 A. For high measurement precision for differ-
ential RVs we self-calibrated the spectrograph using an iodi
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* Based on observations collected at the European Southern Obgégal. 1994; Hatzes et al. 1996, Hatzes &rister 1994). To ob-
vatory, La Silla tain RV measurements we model the stellar spectra as obse
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through the iodine cell using a ‘pure’ stellar spectrum (record@eble 1. RV data for Prox Cen. Col. 1: bin number; col. 2: number of
without the iodine cell in the light path) and a ‘pure’ ioding) spectra in the bin; col. 3: total number of models for all spectra in the
spectrum from dome flat measurements. The resulting RV dta (i.e. the sum over all spectra and models); col. 4: mean Julian day
are then corrected to the solar System barycenter via the \HﬁLhe bin; col. 5: mean differential RV of the bin; col. 6: rms scatter
ephemeris DE200. within the bin; col. 7: combined S/N ratio of the bin; col. 8: equivalent

For stars brighter than 5.5 mag our short-term (i.e. singltY &"o" as estimated from the S/N.
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night), best case long-term, and working long-term precisionig#E

. . . My JD — ARV rms comb ery
(i.e. obtaln$d under gll observing conditions) &+&, 11, and Sp 2, 400, 000 ms i SIN  [mig
2025 ms™, respectively (Kirster et al. 1994, 1998, 1999)

Prox Cen is unique in our sample in that it is by far the faintest 1 7 49179.6643  106.35  44.85 21.46 71.78
star we have observedf (= 11.01 mag). 2214 49246.5034 —18.00 78.30 17.88 86.16

3218 49412.8484 3.48 46.24 23.87 64.54

4434 49413.7676 — 78.83 68.73 34.10 45.18

3. The RV measurements for Proxima Cen 5540 49492.7022 52.55 85.96 39.78 38.73
_ _ _ 6430 495485800  56.66 65.18 35.12 43.86

Table 1 shows the journal of observations of our differential RV 2 15 49602.5149 —2.23 60.60 28.44 54.17

measurements. A total of 58 spectra from 29 nights were avag-2 17  49794.7186  107.13 103.27 26.28 58.62
able. Before further analysis the spectra were combined info2 14  49795.6955 28.33  44.09 28.10 54.82
nightly bins (col. 1) as outlined below, with the bins containing0 216  49906.5524 0.64 44.11 2791 55.20
between 1 and 5 spectra (col. 2). 1119  49907.5940 60.47  38.37 21.47 71.75

While self-calibration with an iodine cell is an excel-1218 50146.7675 —70.90  42.87 2589 59.50
lent method to overcome instrumental instabilities such as i 21187 ggggg'gggg - gg;g Zg'gg gggg g?fl
struTerr:tal drifts o_thetr msta:mh;:)essuch as focu; an(_j a_hc])ﬁ— 50304.4963 919 5260 3092 49.82
ment changes or instrument vibrations require (in Pr|n0|p¢i 215 503135397 — 3571 43.80 4039 3814
additional modelllng of the mstrumental. profile (II?, Butleh; 514 503145965 —37.08 49.38 37.62 40.95
et al. 1996; Valenti et al. 1995). At low signal-to-noise (S/Njg 213 503195519 — 21.17 4565 31.42 49.03
ratios such as obtained for Prox Cen IP reconstruction becomgsi1 6 50323.5606 —88.32 30.21 25.87 59.55
impossible. However, to some extent one can overcome the p®-17 50325.5852 —47.33  36.42 27.10 56.85
maining measurement uncertainty by modelling the observat2 17 50348.5179 6.32 45.15 38.82 39.68
spectra (star+iodine) with various combinations of pure star ahd2 18  50349.5142 —18.19  49.07 36.90 41.75
iodine spectra. 2317 50359.4920 —36.71 42.60 2456 62.72

Ten different pure star and pure iodine pairs (of the sam@&217 50477.8459 4531 73.70  25.24  61.03
night) were available to build models for each of the 5 > 18 gggjgggg _1%'?? iz'gz 3;2(7) gé'gg
star+iodine spectra. Based on goodness-of-fit some of the ' ' : ' '
inad t del iected. Col. 3 gi the total 50551.6664 44.23 48.27 28.03 54.96
inadequate models were rejected. Lol. s givesthe tolal NumBey, 15 - 505707647  —3.27  61.04 3830 40.22
of the accepted star+iodine models for all the spectra in eag, 15 506485032 — 10.02  42.17 38.09 40.44

nightly bin (sum over all spectra and models). For an intercom-
parison of the different models their RV zero points have to be
matched. To do this we subtracted for each model the mean RV

for the whole times series. Subsequently, we averaged for eastiN)—! which serves to estimate the RV error. Choosing the
star+iodine spectrum the RV data from the individual modelsonstant of proportionality such that the mean of the result-
At last, nightly (bin) averages for the Julian day (col. 4) and RMg errors is equal to the total scatter in the RV measurements
data corrected to zero mean (col. 5) were calculated. (53.9 ms~!) we obtain the equivalent RV errors listed in col. 8
A first estimate of the RV error (col. 6) was then based asf Table 1. Fig. 1 displays a time series of our RV data (29 bins)
the rms scatter in each data bin together with a propagationfef Prox Cen with error bars corresponding to these equivalent
the error introduced by the process of matching the zero poietsors.
for the different models. However, we found a positive correla-
tion with a correlation coefficient 0f0.514 between the total
number of models in a bin (col. 3) and the error estimate (col.%)
meaning that these errors tend to be smaller when estimatedlook for a periodic signal that could manifest the pres-
from smaller numbers of models. This indicates that these eresrce of a companion, we searched the frequency ringe=
estimates are not representative of the true errors, in particular” ... fiax = 1/(2At), or0.0007 ... 0.5494 d—1, whereT is
those from small numbers of models. the total time baseline and¢ is the minimum separation be-
As an independent estimate of the weight of each data biween data points. Thus a period rangel @202 ... 1428.6 d
col. 7 shows the combined S/N ratio per spectral pixel (meams searched. The choice of the maximum frequency was made
values) of each data bin. We know from simulations (Hatzé@sanalogy to the Nyquist criterion which, however, is well de-
& Cochran 1992) that the RV measurement erfoRV o fined only for equidistant data sampling. Since most of our data

Period search
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Fig. 1. Time series of the differential RV data of Prox Cen.
Fig. 2. Periodogram for the RV data. Horizontal dashed lines corr
spond to various levels of the false alarm probability.

sampling is much cruder than our minimum sampling any sig-
nals at periods shorter than abd@ud should be treated with  We do not find significant FAPs at any one of these perio
care. nor at first harmonics or periods twice as large (relevant in ¢
Two differenttypes of periodogram were used: a) the Scarglg literature values are first harmonics themselves). Allowi
periodogram (Scargle 1982) which is equivalent to least squafessome uncertainty in these period values we also searc
sine fitting with equal weight for all data points; the power igheir vicinities finding¢ = 0.47% (0.16%) for P = 150.4 d
proportional to the square of the amplitude of the correspondiagd ¢ = 1.32% (0.92%) for P = 30.4 d, where theoretical
sine wave; b) a sine-fitting routine that takes into account datalues,p = ¢~*, as well as values bootstrapped from 10,00
errors by minimizingy?; we used the equivalent errors (col. uns (values in brackets) are given. At best, i.e. only if o
of Table 1). allows for considerable errors in the original period estimat
Fig. 2 shows only the Scargle periodogram, since e a marginal detection of (1) a period twice as long as the rotati
minimization approach yielded a very similar result that doggriod by Benedict et al. (1998b) and (2) the rotation period
not change the interpretation. From 10,000 runs of a bogGuinan & Morgan 1996) might be indicated.
strap randomization scheme (seé@rbter et al. 1996; Murdoch  Reconfiguration of active regions causes amplitude a
etal. 1993) we determined the levels of the false alarm probaljjhase changes in rotationally modulated signals complic
ity ¢ (FAP) corresponding to various power levels. As shown ing their detection in data that extend over many rotation ¢
Fig. 2 all periodogram peaks are insignificant having 90%. cles. However, our results concur with the findings by Sa
In contrast to searching @eriod rangesignalsat a priori et al. (1998) that predict an activity-related RV scatter
known period€an be significant at smaller power leveld=or < 10 ms~! for rotation periods> 16 d. It appears that the
the Scargle periodogramthe FAP is giveniby: 1—(1—e*)™, RV variation seen for Prox Cen is representative of our me
wheren is the number of independent frequencies in the searglirement precision for this faint star, and cannot be attribut
interval (Scargle 1982). Hence for a signal at a single a priag instrinsic stellar variability.
known periodp = e~=.
Periods that may be present are the period of the stellar 9 imits to companion parameters
tation and that of the activity cycle. RV searches strongly ben-
efit from ancilliary information such as the knowledge of thedeacking a clear RV signal in our Prox Cen data we used a Mo
periods that aids the interpretation of RV data. Star spots aBdrlo simulation to derive upper limits to the mass of still poss
inhomogeneous granulation patterns in active stars cause tls-companions in the period ran@&5-3000 d. Random data
tortions in stellar absorption lines; when sufficient resolutiosets with the same temporal sampling and with the rms sc
and/or signal-to-noise is lacking these distortions can be misr of our data were created. We added sinusoidal signals
interpreted as RV shifts that vary with the rotation period (rotalifferent periods, amplitudes, and phases, and evaluated t
tional modulation) or with the activiy cycle. Estimates for the rgperiodograms. At each period the amplitude was determined
tation period of Prox Cen were given by Benedict et al. (1998which 99% of the periodograms showed a power correspondi
based on HST FGS photometry) findidg),; = 83.5 d plus to> 1% FAP. Hence the combined confidence for the detecti
variability at the first harmonic, and by (Guinan & Morgarof a sinusoidal signal is 98%. For eccentric orbits it may
1996; monitoring of the Mgll h+k flux with IUE) who found somewhat lower.
31.5+1.5d. Benedict et al. (1998b) also estimate the length of Fig. 3 shows thensini (m the planet mass, the orbital
Prox Cen'’s activity cycle to be: 1100 d. inclination), that corresponds to RV amplitudes at this con
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3. In the period rangé0—600 d (separation$.13-0.69 AU)
the RV derived mass limits range frodn to 8.3 My,y; in

T T T
Ll

22 Ei; / this interval the more stringent astrometry even indicates the
10 RV mass limit 7 oo (oo ; absence of objects fromn1 t0 0.22 My, i.e. below Saturn

mass for periods 370 d.
4. Hence no massive planets3.7 My, exist in orbits with

ms1ni

a . . .
> L o 4 periods 0f0.75-600 d, i.e. at0.008-0.69 AU.
- Eoo L i 5. At periods> 600-3000 d (separations> 0.69-1 AU) RV
S oo Astrometric B . ..
F it 55 0 ] derived mass limits range frof3 to 22 M.
L ress “ 1 6. Atthe level of our measurement precision the RV data are
E 3 not notably affected by stellar activity.
C 0.010.02 0.05 0.1 0.2 0.5 1 2 (AU) ]
L sep. ]
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