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Abstract. Combined results are now available from a 15 year long search for Jupiter analogues around
solar-type stars using the ESO CAT + CES, ESO 3.6 m + CES, and ESO 3.6 m + HARPS instruments.
They comprise planet (co-)discoveries ( Hor and HR 506) and confirmations (three planets in HR 3259) as
well as non-confirmations of planets (HR 4523 and  Eri) announced elsewhere. A long-term trend in  Ind
found by our survey is probably attributable to a Jovian planet with a period > 30 yr, but we cannot fully
exclude stellar activity effects as the cause. A 3.8 year periodic variation in HR 8323 can be attributed to
stellar activity.

1. INTRODUCTION
In 1992 a readial velocity (RV) search program for extrasolar planets around solar-type stars was
begun (Kürster et al. 2000; Endl et al. 2002) with the ESO 1.4 m CAT telescope and the Coudé
Echelle spectrograph (CES) together with its Long Camera (LC) which provided a resolving power
R = 100, 000. In 1999 the Long Camera was replaced by the R = 230, 000 Very Long Camers (VLC)
fibre fed to the ESO 3.6 m telescope with which the survey was continued up to the time when some
temporal overlap with the higher precision ESO HARPS spectrograph (R = 130, 000, wide wavelength
coverage, also at the ESO 3.6 m telescope) could be attained which was finally employed for the survey
from 2003–2007. Archival HARPS data from other programs were added extending our time baseline
into 2009 for a few stars.
A total of 31 bright (V < 6) solar-type stars was monitored throughout the whole 15-year survey.
The main goal of the long-term studies of this sample was the search for Jupiter analogues. Despite the
fact that the stars in the sample were selected for low activity levels, the more active stars turned out
to be the most interesting targets. This contribution summarizes the most important results. The survey
and its results for the whole sample are described in much more detail in Zechmeister et al. (2013).
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Figure 1. Left: RV time series for  Hor combined with data from the Anglo-Australian Telescope (AAT; Butler
et al. 2001) and from the 1.2 m EULER-Telescope + CORALIE spectrograph (Naef et al. 2001). Right: RVs phase
folded with the orbital period of P = 307 d. Bottom panels show the residuals from the Keplerian fit.

Figure 2. Left: RV time series for HR 506 combined with AAT data (Butler et al. 2006) and CORALIE data (see
http://obswww.unige.ch/∼udry/planet/hd10647. html). Right: RVs phase folded with the orbital period
of P = 995 d. Bottom panels show the residuals from the Keplerian fit.

2. RESULTS
• (Co-)discoveries. Fig. 1 shows the RV time series for the G0V active star  Hor revealing a planetary
companion with a minimum mass of m sin i = 2.48 MJup and an orbital period of P = 307.2 d.
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Figure 3. Generalized Lomb-Scargle (GLS) periodogram for HR 3259. The vertical arrows indicate the periods for
the three planets announced by Lovis et al. (2006). See Zechmeister & Kürster (2009) for details of the GLS.

Figure 4. RV data for HR 4523 phase folded with a period of 122.1 d. The dashed curve is an orbital solution
proposed by Tinney et al. (2011) based on the UCLES data. HARPS RV data are shown for comparison. The do
not support the planetary signal.

This companion which orbits on a slightly eccentric (e = 0.18) orbit within the habitable zone of its
host star is a genuine discovery of this survey, originally announced by Kürster et al. (2000) based on
the CES + LC data alone. Since it has been followed-up by different teams and with various different
instruments it is among the best confirmed extrasolar planets.
RV data for the F9V star HR 506 are shown in Fig. 2 indicating a planet on a circular orbit with
a period of P = 994.2 d and a minimum mass of m sin i = 0.98 MJup . This planet was originally
announced by the Swiss team at the XIX-th IAP Colloquium in Paris (2003), but never published.
• Confirmations. Lovis et al. (2006) announced three Neptune-type planets around the G7.5V star
HR 3259 with minimum masses of 10.2, 11.8, and 18.1 M and periods of 8.67, 31.6, and 197 d,
respectively. We can confirm these planets with the data from our survey (mostly with the HARPS
data) finding an RV signal at each of these period values, see Fig. 3.
• Non-confirmations. For the G3V star HR 4523 Tinney et al. (2011) announced a Neptune-like planet
with a minimum mass of 16 M and a period of 122.1 d. In Fig. 4 we show their data phase folded with
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Figure 5. RV time series for  Eri. The Keplerian orbit taken from Hatzes et al. (2000) is not supported by our data.

Figure 6. RV time series for  Ind. Model curves are shown for a constant RV (i.e. considering only the secular
acceleration of 1.86 ms−1 yr−1 ; dashed line) as well as for a linear trend (solid line). The offset in the data (and the
fit) occuring around BJD 2,451,200 is of instrumental nature.

this period and also our HARPS data in which we do not find any evidence for the signal. Therefore,
we cannot confirm this planet.
Fig. 5 shows another case in which we cannot confirm a planet announced earlier. It provides our
RV time series for the K2V star  Eri with the orbit by Hatzes et al. (2000) overplotted. This orbit
corresponds to a planet with a minimum mass of 0.86 MJup , a period of 6.9 yr, and an eccentricity of
0.6. As the comparison shows, our data alone do not provide unequivocal evidence for the planet.
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Figure 7. RV time series for HR 8323 together with a sinusoidal model. As in Fig. 6, the offset occuring around
BJD 2,451,200 is of instrumental nature.

• Companions vs. stellar activity. Fig. 6 shows our RV time series for the K4V star  Ind along
with a linear fit. As shown in the figure, this trend exceeds the expected RV increase due to the
RV secular acceleration which is quite substantial for this rapidly moving nearby star. The trend
is likely to be produced by a long-period (P > 30 yr) sub-stellar (m sin i > 0.97 MJup ) companion.
The HARPS data make it possible to correlate the RV measurements with activity indicators,

, or the FWHM and the bisector (BIS) of
i.e. the index for chromospheric CaII emission log RHK
the average photospheric line profile (the profile of the cross-correlation with a mask employed
to determine the RV). If activity is the cause for a (spurious) RV signal, then a correlation

and also with FWHM and BIS is expected. For  Ind such a
of the RV data with log RHK

correlation exists for log RHK and FWHM, but not for BIS which could indicate that the star
also has a long-term trend in its activity level, but its correlation with the RV data is just a
coincidence.
This is different for the G0V star HR 8323 whose RV time series is shown in Fig. 7. We find a sinusoidal
variation with a period of 3.8 yr, but in this case all three activity indicators (including BIS) are correlated
with the RVs so that we exclude a companion. Most likely, the periodic variation is due to a stellar
activity cycle.

3. CONCLUSION
While our long-term RV survey of 31 solar-type stars has not found a genuine Jupiter analogue at
≈ 5 AU separation from its host star, we have contributed discoveries of closer-in Jupiter-type planets
and a possible substellar object at wide separation as well as confirmations and non-confirmations of
planets found elsewhere. We have addressed the influence of stellar activity on RV signals and how it
affects their interpretation.
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