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ESO-VLT Fibre-linkages: maximising instruments' capabilities

Abstract
We proposed a study of possible new fibre linkages for the European Southern Observatory (ESO), Very Large Telescopes (VLTs). The proposed fibre linkages aim to: (i) enhance the
capability (e.g. longer wavelength coverage, multiplexing, etc) of the VLT instruments by connecting two instruments through a fibre-link, (ii) upgrade instruments without any intervention
to build a new capability, (iii) reduce the observational load on an the overly subscribed instrument and maximise the use of other instruments, and (iv) enable simultaneous observations
to meet scientific demands. We plan to use optical fibres innovatively to meet our aims. We proposed something ahead of the focus of the instrument to utilise the entire field-of-view of
the instrument. The proposal was received by the ESO with great interest and scientific community engagement is required to proceed further.

Facilities considered
We considered all the UTs and instrument designs available, drawings
of the Nasmyth and Cassegrain guiders, and current/future
distribution of offered instruments at the VLT for this study. We
primarily used the distribution of instruments offered in Period 106 as
a guide and information on the upcoming instruments. Our idea is to
use optical fibres innovatively to meet the aims. After studying and
disregarding fibre feed for instruments (of interest) around the
acquisition and guiding (A&G), we propose something ahead of the
focus of the instrument to utilise the entire field-of-view (FOV) of the
instrument. We disregarded UT1 as it is already an available multi-
object facility, UT2 for upcoming CUBES-UVES fibrelink which we are
part of, and UT4 because of the complexity of the instruments where
there is a need of intervention for any upgrade.
UT3, therefore, came out to be the best facility with X-shooter
(Cassegrain focus), SPHERE (Nasmyth A focus), and upcoming
CRIRES+ (Nasmyth B focus) where SPHERE and CRIRES+ are
adaptive optics assisted instruments. The uniqueness of instruments
at this UT, space available in the instruments, and scope provide us
an opportunity to propose connecting these instruments either through
a fibre-link or upgrading an instrument.

VLT Fibre-linkages
UT3 is an ideal site for connecting the instruments through a fibre-link or upgrading an instrument. The four proposals are:
1. A fibre-link from CRIRES+ to X-shooter
We find that CRIRES+ can be connected to X-shooter through a fibre-link. CRIRES+ has space available near its Multi-
Applications Curvature Adaptive optics (MACAO) system to place a 20-30m fibre-link unit. This will allow the longest possible
wavelength ranges from ultraviolet to the infrared.
2. A fibre-link from SPHERE to X-shooter
SPHERE has space available for a fibre-link unit and visible and infrared light will be picked after the tracking camera. A
dichroic and some fore optics can be inserted for the fibre-link to deliver the visible and (mostly) infrared light to the X-shooter
VIS and NIR arm. Both SPHERE and X-shooter with their unique capabilities will allow to double the scientific gain and
observe the linear and circular light simultaneously.
3. Multi-object fibre-link to X-shooter
It is possible to incorporate a multi-object fibre-link from either SPHERE or CRIRES+ to X-shooter to fill the X-shooter’s 11
arcsecond long slit. In addition, a fibre cable can connect upcoming HRMOS with X-shooter and 100m long cable throughput
loss can be compensated by the increase in number of objects observed and the total amount of observing time available. The
disadvantage is the complexity for scheduling the multiple observations that constrained to be over the same field.
4. X-shooter spectro-polarimetry via fibre module
X-shooter can be turned into a spectro-polarimeter via a fibre module having space available for nine fibres. The idea is to split
the light from a point source into two beams and feeding to two fibres prior to the X-shooter entrance. Although spatial
resolution will not be better than SPHERE, still there is no known or planned spectro-polarimeter at these broad wavelengths.
Deeper sensitivity of the X-shooter will make interesting science possible.


