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Fig. 8. SOPHIE+ radial velocities of standard stars observed with the
final HR+ mode, including octagonal fibers, as function of the seeing.
This figure should be directly compared with Fig. 5. Each of the seven
standard stars are represented by a different color (see Table 1).

with these new octagonal fibers was renamed SOPHIE+. With
such an implementation, we expect a very high scrambling of
the near-field illumination of the fibers, which is projected for
the HR mode in the spectrograph pupil. We do not expect a gain
in the scrambling of the far field.

4.2. Tests of systematic effect on standard stars

To quantify the gain of scrambling provided by the insertion of
an octagonal fiber and to estimate the precision of SOPHIE+
under real observing conditions, we performed the same tests as
those described in Sect. 3 on standard solar-type stars.

The tests of decentering (see Fig. 2) show that the sensitivy
to the guiding decentering is reduced by at least a factor of six
in both HR+ and HE+ modes illustrating the gain of scrambling
in the near field. The scrambling gain, computed for a center of
gravity displacement of 0.6 arcsec, is equal to ∼1500 and ∼1000
for the HR and HE mode, respectively. The typical accuracy of
the new guiding system, 0.3 arcsec, is not expected to introduce
RV jitter larger than 0.5 m s−1.

The tests of defocusing (see Fig. 3) show that the sensitiv-
ity to the telescope defocusing is not reduced on the HE+ mode
but reduced by a least a factor 6 for the HR+ mode. The non
improvement in the HE+ mode may indicate that defocusing af-
fect both the near- and far field, the last-one being not scrambled
by the octagonal fiber. The tests of a wrong or incomplete cor-
rection of the atmospheric dispersion (see Fig. 4) show that in
HR+ mode there is a real improvement with no more significant
effect on the RV.

To estimate the seeing effect, we monitored within the
HR+ mode seven standard stars as in Sect. 3.4. These stars are
listed in Table 1. The RV of these standard stars are plotted
in Fig. 8 as a function of the seeing value. No more correla-
tions are seen between RV and seeing. The RV dispersions of
the seven standard stars shown in Fig. 8 are listed in Table 1.
They range from 1.5 to 3.4 m s−1, indicating a gain of about
five in the RV precision for the HR+ mode. Three of these
targets were monitored with HIRES on the 10.2 m Keck tele-
scope: HD 185144 (Howard 2010), HD 221354, and HD 9407
(Howard 2011), with RV dispersion of 2.0, 1.9, and 1.7 m s−1

respectively over several years. For the HR+ mode, we also re-
port in Table 1 the dispersion obtained over a time scale of ten
nights. During this time span, the RV dispersion ranges from 0.9

Table 2. Radial velocity standard solar-type stars measured on HE mode
with SOPHIE and SOPHIE+.

Target SOPHIE_HE SOPHIE_HE+
Name σRV Span Nobs σRV Span Nobs

[ m s−1] [days] [ m s−1] [days]
HD 109358 10.9 103 42 – – –
HD 139324 25.0 93 34 3.8 87 7
HD 147512 22.7 83 15 – – –
HD 185144 – – – 2.2 243 25
HD 30708 6.0 16 36 3.7 92 15
HD 55575 9.0 21 40 – – –
HD 221354 – – – 3.1 91 32
HD 9407 – – – 3.6 160 27

Table 3. Relative drift between fiber A and B measured with the
Thorium-Argon lamp.

Mode HE HE+ HR HR+
Relative drift [ m s−1] 2.27 0.58 0.57 0.22

to 2.2 m s−1, very close to the photon noise uncertainty. To ex-
plain the slightly worse precision during time spans longer than
ten nights, we suspect possible remaining systematic effects. The
thermo-mechanical evolution of the far field in the fiber link of
the HR+ mode is not scrambled by the octagonal fiber. This far
field is converted by the double scrambler to the near field at the
entrance of the spectrograph and may introduce a long-term ef-
fect at the level of few m s−1. If this is confirmed, we will have
to consider inserting an additional octagonal fiber after the dou-
ble scramblers (see Fig. 1). The evolution of the Thorium-Argon
lamp, with a life span of about one year on SOPHIE, and more
precisely the flux ratio between Thorium and Argon lines, which
may evolve on a time scale of few weeks, are presently not taken
into account in the data-reduction pipeline. Finally, we cannot
exclude for some of our targets intrinsic variability on the long
term at the level of few m s−1.

In Table 2, we list the RV dispersion measured on standard
stars with the initital HE mode and the new HE+ mode. For the
HE+ mode, the RV precision, between 3 and 4 m s−1, is not as
good as the HR+ mode. This may indicate that the far field in
HE+ link, which is not scrambled by the octagonal fibers, is not
sufficiently stable. As discussed in Sect. 3.5, we suspect that this
far field is sensitive to the thermomechanical environment of the
HE+ fiber link. There is presently no way to improve this mode.
However, the high-efficiency mode is not devoted to the high-
precision RV measurements and is usually used in photon-noise
limited regimes for targets fainter than mV = 12.

4.3. Internal accuracy

As described in Perruchot et al. (2011), the drift differences
measured on double Thorium-Argon calibration and reported in
Table 3 are strongly reduced by the use of octagonal fibers. In
the previous configuration, relative displacement of the fibers A
and B as well as thermomechanical changes in the Cassegrain
adapter led to relative change of illumination in fiber pairs. With
the new configuration, the relative drift in HR+ mode is at the
level of 22 cm s−1 rms to be compared to the photon-noise of
Th-Ar spectra of 10 cm s−1. Even with the calibration lamp,
which provides stable illumination of the fiber entrance, we find
an improvement using octagonal fibers.
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