Building a fiber link
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Optical fibers have successfully been used for high-resolution spectrographs for many years. Besides the
decoupling of the instrument from environmental influences, fibers provide a substantial increase of the stability of
the input illumination of the spectrograph, which makes them a key optical element of CARMENES. The optical
properties of appropriate fibers with non-circular cores are investigated, especially their scrambling and focal ratio
degradation (FRD) behavior. Related optical simulations of the stability performance of the whole system are
presented. The results provide a strong indication that 1 m/s precision, which is the goal of CARMENES, can be
reached with a combination of an octagonal and a circular fiber, which allows for a high throughput.

Farfield illumination effects

While the nearfield of the fiber is well stabilized by the octagonal fibers, the
farfield still shows some variation for different coupling conditions. Optica
simulations have been performed in order to quantify the effect on radia
velocity. In general the impact on radial velocity is larger when optica
aberrations are more prominent as in the corners of the detector. As can be
seen in Fig. 3, we expect a maximum radial velocity error of ~1.2m/s for a
single line.

Overview & Introduction
CARMENES is a high-resolution spectrograph for the Calar Alto 3.5 meter
telescope. It consists of two R~82000 spectrographs, one in the visual
(VIS) from 550-950nm and one in the near infrared from 950-1700nm.

In total, CARMENES uses 14 optical fibers for different purposes as shown
in Fig.1. The most critical part are the fibers which transport the light from
the front-end of the telescope (FE) to the two spectrographs. These fibers
need to have a high throughput, while they must also provide a further
stabilization of the illumination of the spectrographs in order to reach the
goal of 1 m/s radial velocity precision.
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due to FRD of the setup is less than 3%.

Modal noise
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