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ABSTRACT

A consortium of Japanese, Australian and UK groups has developed a fibre-fed near IR (J & H band) multi-object
spectrographic facility (FMOS) for the Subaru telescope. In this second-generation instrument, a novel prime focus 400-
fibre multi-object positioning system, ECHIDNA, is optically linked via twin cables to dual IR spectrographs. The
spectrographs are located some distance away, on a dedicated platform two levels above Nasmyth. The Centre for
Advanced Instrumentation at Durham University oversaw the design and construction of the optical fibre system linking
ECHIDNA to the spectrographs. A modularised connector within the cable scheme and an integral back illumination unit
additionally featured as part of the Durham work-package. At the time of writing (mid 2008) FMOS, including the fibre
system, is installed and functional on-telescope, with commissioning currently underway. This paper provides an
overview of the design and construction of the optical fibre system.

1. INTRODUCTION

FMOS is a versatile near infrared (0.9um — 1.8um) multi-object spectrographic facility designed for the 8-m class
Subaru telescope. There are four major components that constitute the complete instrument:

e The ECHIDNA multi-object fibre positioning system.
e Two similar NIR spectrographs, IRS1 and IRS2.
e The connectorised fibre system linking ECHIDNA to these spectrographs.

Before describing the fibre system in depth, the fundamental features of these system components shall be briefly
summarised:

1.1 ECHIDNA

Within this instrument, a prime focus corrector delivers a 30-arcminute circular telecentrically corrected field of view.
Light is collected at 400 re-configurable point locations over the field via individually steerable optical fibres, arranged
in a regular, hexagonally packed array. Each fibre is supported in a ‘spine’ that can be discretely positioned by means of
piezoelectric actuators. Polished fibre tips at the ends of the spines are thus able to be precisely located over objects of
interest. ECHIDNA was designed and built at the Anglo Australian Observatory, and it was delivered to Subaru in 2007.

1.2 The Spectrographs, IRS1 and IRS2

For practical reasons of limited space, the spectrographs are sited on a dedicated platform, the ‘TUE-IR floor’ which is
located two floors above the Nasmyth platform instrument room at the telescope. Although several principal components
are common to both spectrographs, IRS1 was designed and constructed in Japan (Kyoto University) and IRS2 was
designed and built in the UK (Oxford/RAL).

To minimise thermal emission towards the longer (1.8 um) wavelength range the spectrographs are cooled to 200°K.
The spectrographs have an innovative design feature whereby the sky background emission lines are optically removed.
To achieve this, a mask mirror is employed onto which the spectrum is initially dispersed. Regions on the mirror
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corresponding to the locations of sky emission lines are uncoated, leaving gaps in the reflective surface; light from these
portions of the spectrum is therefore lost. Subsequently, two spectrograph operational modes are available: High
resolution, whereby the dispersed spectrum is fed to the spectrograph camera directly after the OH emission lines have
been removed, furnishing approximately 0.2 pm bandwidth, or low resolution, whereby the dispersed spectrum is
optically re-compressed by a volume-phase holographic (VPH) diffraction grating, permitting the full 0.9 um spectral
range of the instrument to be recorded onto the detector.

1.3 The Fibre System

A fibre-optic cable is required to convey light collected by the object fibres to both spectrographs. The CfAI has been
responsible for this entire fibre system and all associated cabling and cable management, from the prime focus through
to, and including, the spectrograph input slit units. Since ECHIDNA is only one of a suite of instruments that can be
installed at the Subaru top-end, it has to be removable. Therefore the cable must include a connectorised break.

The light arriving at prime focus has a focal ratio of ~ F/2. In addition the fibres see a small angle (up to 2.4°) if the
spines are tilted, and there is a residual non-telecentricity, equivalent to about 1.2° at the edge of the field. Therefore for
maximum light gathering the fibre should possess a significantly high numerical aperture. However, at the spectrograph-
end of the system such a divergent exit beam would require impractically large optics. Moreover, a low focal ratio is far
from optimal when conducting light through appreciable fibre lengths. Therefore the focal ratio must be increased before
leaving the immediate vicinity of the telescope top-end.

A source of back-illumination is required so that a field-patrolling camera can detect individual object fibre positions
prior to each exposure on sky. Position detection is necessary because the pulsed actuators driving the spines have no
absolute positioning precision, leading to a cumulative positional uncertainty over multiple exposure cycles. Therefore,
spine locations need to be visually calibrated at a specific ‘home’ position before an exposure is made. The most obvious
point to site a back-illumination source is in the optical break within the connector coupling.

2. FMOS FIBRE SYSTEM PRIMARY REQUIREMENTS

2.1 Key optical requirements

Wavelength range 0.9-1.8 pm

Incident focal ratio (from telescope) F/1.98 average

Number of sampling elements within the field 400

Required focal ratio conversion at connector ~F/2 : F/5

ECHIDNA fibre core diameter Pre-defined as 100 pm

Fibre core diameter at slit unit Pre-defined as 280 pm

Total required fibre system throughput >60%

Spectrum format Two sets of similar spectra (200 fibres each) one
per spectrograph, maximum slit lengths: 120 mm

2.2 Key engineering requirements

Total fibre length from the focal plane of ECHIDNA to the site of the connector: 7.6 m (includes contingency).
Total fibre length from the connector to the spectrographs: 62 m (again, includes some contingency).

Within launch connectors® all fibres should be interchangeable in case of spine failure.

The connector must also furnish individual, switchable back illumination for each fibre.

The connector must occupy a pre-defined and somewhat restrictive space envelope.

2 Since the light path routes across the connectors from ECHIDNA through to the spectrographs, connectors on the ECHIDNA-side of the system are
termed ‘launch-side’, and connectors on the spectrograph-side of the system are termed ‘receiver-side’.
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