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Fig. 1. SOPHIE fiber links configuration. Octagonal fiber sections are
shown as triple orange lines between FC-FC connections, shown as
purple squares.

Fig. 2. Star-decentering effect on SOPHIE radial velocities as function
of the fiber illumination center of gravity for initial HE (blue open
circle) and HR (blue circle) modes and the new octagonal fiber links
in HE+ (red open square) and HR+ (red square) modes.

on the sky to estimate background pollution, especially in case of
moonlight. Figure 1 shows the SOPHIE fiber links configuration.

In order to quantify the effect of illumination and injection
variations onto the fiber input to the RVs, several tests were per-
formed on standard RV solar-type stars.

3.1. Star decentering

The tests of sensitivity to decentering effects were described
in Perruchot et al. (2011). Figure 2 (blue circle) shows the
RV change as a function of the fiber illumination center of grav-
ity for both HE and HR modes. The RV shift may reach up
to 25 m s−1 for large decentering. These tests also show that
HE mode has a sensitivity at least twice as larger as the HR mode
and a strong sensitivity to the decentering offset direction illus-
trating the gain provided by the double scrambler. The typical
accuracy of the SOPHIE new guiding system, implemented in
September 2009, was estimated to be better than 0.3 arcsec. This
corresponds to a smaller change in the illumination center of
gravity (0.09 arcsec for a seeing of 3 arcsec). Thus, guiding and
centering errors do not cause systematics larger than ∼1 m s−1

and ∼2 m s−1 for the HR and HE mode, respectively.
Considering that the output fiber corresponds to a slit resolu-

tion of 7.7 km s−1 (resolution of 39 000), the scrambling gain,
computed for a center of gravity displacement of 0.6 arcsec,
is equal to 260 and 130 for the HR and HE mode, respec-
tively. For comparison, the scrambling gain of HARPS fiber

Fig. 3. Star-defocusing effect on SOPHIE radial velocities for initial HE
(blue open circle) and HR (blue circle) modes and for the new octagonal
fiber links in HE+ (red open square) and HR+ (red square) modes.

link was estimated to be 400. Furthermore, the HARPS spectral
resolution (110 000) conducts to a 2.8 times smaller RV shift
for a given illumination center of gravity offset. The SOPHIE
HR mode is then at least four times more sensitive than HARPS
to the injection and illumination change onto the fiber near-field.

3.2. Telescope defocusing

To test the sensitivity to telescope defocusing on the fiber en-
trance, we adjusted the telescope focus in order to enlarge the ap-
parent size of the star image on the guiding camera. We explored
different values from the seeing (2.5–3 arcsec), corresponding to
the best focus, up to a full width at half maximum (FWHM) im-
age of 5.5 arcsec. Figure 3 (blue circle) shows the RV change
as a function of the apparent star image size introduced by the
defocusing. Both HE and HR modes present about the same sen-
sitivity with RV shift up to 15 m s−1 for large defocusing. We no-
ticed that for the largest defocusing, the shadow of the telescope
secondary mirror started to be visible in the guiding camera and
affected the guiding and centering system.

3.3. Atmospheric dispersion

The SOPHIE Cassegrain adapter contains an atmospheric dis-
persion correctors (ADC) to minimize as much as possible the
loss of star light due to differential atmospheric refraction at
the entrance of the fiber. This system is made of one parallel
plate for a zenith angle smaller than 11 deg and of four nor-
mal field bi-prisms covering zenith angles 11–30, 30–44, 44–54,
and 54–60 deg, respectively. The choice of the bi-prisms and
their angles is set automatically by the observing system as
a function of the airmass and the parallactic angle of the ob-
served target. The residual of the atmospheric dispersion after
correction is expected to never exceed 0.3 arcsec length up to
an airmass of two. To test the effect of a wrong or incomplete
correction of atmospheric dispersion on the fiber entrance, we
adjusted manually the angle of the ADC. We performed this test
at airmass close to 1.4 using the corrector number 4 covering
zenith angle 44–54 deg (airmass 1.39–1.70). For this corrector,
the amplitude of dispersion from 387 to 694 nm provided by
the bi-prism is 5 arcsec. By rotating the angle from its nominal
value, 0 deg, up to 315 deg, we then expect to change the appar-
ent size and orientation of the star image on the fiber entrance.
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