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ABSTRACT
We present an update on the construction and integration of LINC-NIRVANA, a Fizeau-mode imaging interferometer
for the Large Binocular Telescope (LBT). The LBT is a unique platform for interferometry, since its two, co-mounted
8.4 meter primary mirrors present an orientation-independent entrance pupil. This allows Fizeau-mode beam
combination, providing 23-meter spatial resolution and 12-meter effective collecting area for panoramic imagery
LINC-NIRVANA will sit at one of the shared, bent focal stations, receiving light from both mirrors of the LBT. The
instrument uses visible wavelength radiation for wavefront control, and the near-infrared bands for science and fringe
tracking. LINC-NIRVANA employs a number of innovative technologies, including multi-conjugated adaptive optics,
state-of-the-art materials, low vibration mechanical coolers, active and passive control, and sophisticated software for
data analysis.
The instrument is in its final construction and integration phase. This paper reports on overall progress, including
insights gained on large instrument assembly, software integration, science planning, and vibration control. A number of
additional contributions to this conference focus on individual subsystems and integration-related issues.
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1.

INTRODUCTION

LINC-NIRVANA (LN) is a near-infrared imager which exploits Fizeau-type beam combination and multi-conjugated
adaptive optics (MCAO) to achieve the spatial resolution of a 23-meter telescope. It will occupy one of the bent shared
focal stations on the central platform of the Large Binocular Telescope (figure 1). LINC-NIRVANA is being built by a
consortium of four institutes: the Max Planck Institute for Astronomy (MPIA) in Heidelberg, INAF (including the
observatories of Padova, Bologna, Arcetri, and Rome), the University of Köln, and the Max Planck Institute for
Radioastronomy (MPIfR) in Bonn.
2.

FIZEAU IMAGERY PRINCIPLE

The entrance pupil of the LBT consists of two, 8.4-meter apertures separated by 14.4 meters center to center and with a
22.8-meter maximum baseline spanning the outer edges of the pupil. Fully adaptive secondary mirrors and articulated
tertiary mirrors couple the incoming radiation to instruments on the central platform. The fixed, common mount gives
the Large Binocular Telescope an orientation-independent entrance pupil; unlike with conventional interferometer arrays
of distributed telescopes, there is no geometrical delay as the science target moves across the sky. This configuration
simplifies beam combination, allowing co-axial interferometry with only three warm reflections1. It also allows
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straightforward Fizeau beam combination, in which an instrument, such as LINC-NIRVANA, creates a sky image
through a scaled-down version of the telescope entrance pupil.

Figure 1: LINC-NIRVANA (light gray box in foreground) installed at the rear, bent shared focus of the Large Binocular
Telescope. At this location, LN receives light from both 8.4-meter primary mirrors.

Preservation of the entrance pupil geometry – the so-called “sine condition” or “hometheticity” requirement – is essential
to scientifically interesting imagery, since in such circumstances, the size of the interferometric field of view is limited
only by the size of the diffraction limited field delivered by each telescope, in other words, by the field and quality of the
adaptive optics (AO) system.
Fizeau images on the LBT contain information at spatial frequencies up to that corresponding to the maximum baseline
(22.8 meters) along the direction connecting the primary mirrors, and up to 8.4 m spatial frequencies along the
perpendicular direction. Figure 2 shows a representative point spread function (PSF) and a simulated image of a distant
galaxy cluster. Note that fringes appear across the entire frame, although they may be somewhat indistinct on extended
sources such as galaxies.
Like all modern telescopes, the LBT has an alt-azimuth mount. This means that the projected telescope pupil rotates with
respect to the sky – so-called “earth rotation synthesis.” As a result, LINC-NIRVANA images taken at different times
sample high spatial frequencies at different parallactic angles. Combining multiple exposures taken at different angles
allows the observer to synthesize panoramic images with full, 23-meter spatial resolution.
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Figure 2: (left) The LINC-NIRVANA point spread function showing an Airy disk of an 8.4 meter telescope crossed by
fringes due to the two entrance apertures. (center) A “real-world” PSF showing degradation due to imperfect adaptive
optics correction, fringe tracking errors, and other effects (right) Simulated image of a distant galaxy cluster. The left
two images are log-scaled, while the rightmost one is linear

3.

OPTO-MECHANICAL DESIGN

Figures 3 and 4 show the LINC-NIRVANA optical path and major subsystems. A detailed description of the optical path
appears in reference 2. Here, we provide only a broad overview. Light from each of the two LBT tertiary mirrors enters
the instrument enclosure and encounters an annular mirror near the location of the telescope focal plane. This mirror
redirects the field from 2 to 6 arcminute diameter into the Ground-Layer Wavefront Sensor (GWS), which drives the
672-actuator deformable secondary mirror of the telescope. The central two arcminutes of the field passes through the
hole in the annular mirror end enters the warm fore-optics, which includes three lenses and a pair of mirrors, one of them
a Xinetics 349 actuator deformable mirror. These components produce a constant diameter quasi-collimated* beam.

Figure 3: The LINC-NIRVANA optical bench and its sub-systems
*

The pair of mirrors is in a fixed “Z” geometry and can in principle be displaced along the optic axis to locate the deformable mirror at
various conjugation altitudes. The optics produces a constant diameter beam to exploit all of the DM actuators, independent of
conjugation altitude.
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The science channel cryostat lies on the instrument
midline and accepts the incoming quasi-collimated
radiation from both telescopes. Two mirrors (one per
telescope) on a single mount serve the dual purpose of
directing the light downward into the cryostat and
removing differential piston via a piezo-electric actuator
driving the mount. Between these down-folding mirrors
and the cryostat windows, a pair of visible / near-infrared
dichroic mirrors reflect the visible light through a second
set of warm optics, including a K-mirror to remove field
rotation. The resulting f/20 beams enter the Mid-High
layer Wavefront Sensors (MHWS), which sense and
correct higher altitude turbulence via the Xinetics
deformable mirror. The MHWS assemblies also include a
CCD “patrol camera” which facilitates the placement of
the MHWS probes on the natural guide stars. Note that the
two AO loops – the GWS driving the adaptive secondaries
and the MHWS driving the Xinetics DM’s – are in a
sequential or “cascade” configuration, allowing MCAO
with little or no interaction between the loops.

Figure 4: The LINC-NIRVANA science channel
cryostat

4.

The near-infrared radiation passes through the visible /
near-IR dichroic and enters the science channel cryostat,
where a Cassegrain telescope images a 10x10 arcsecond
field onto a Hawaii-2 detector. Just before the science
focal plane, an infrared-infrared dichroic separates one
band for science and another for fringe tracking. The
Fringe and Flexure Tracking System (FFTS) uses this light
to remove differential phase via the piston mirror. To
maximize sky coverage, the motorized head of the FFTS
can explore a field of view of 60x90 arcseconds, and only
looks through the IR-IR dichroic when the phase reference
target shares the central 10 arcsecond field with the
science detector.

LINC-NIRVANA CONSTRUCTION STATUS

The LN consortium has adoptive a hierarchical approach to instrument integration, in which individual components are
verified and tested at the supplier then delivered to a traditional lab setting for integration into the appropriate subsystem.
Finally, the working subsystems come together in the large, clean room integration hall at the MPIA in Heidelberg2. As
of early 2010, essentially all of the major components and sub-systems of LINC-NIRVANA are complete, and several
have been delivered for integration. Although there has been significant progress in all areas, testing of some
components and sub-systems has forced re-design, in order to ensure adequate performance at the telescope. The
following paragraphs highlight developments over the past two years.
4.1. Warm Optics, Adaptive Optics, Software
Having two identical copies of the warm optics of LINC-NIRVANA has permitted greater efficiency in the integration
and testing process. We have assembled one arm of the warm optics in the lab to verify optical quality and alignment
procedures, as well as to develop and test control procedures for the mechanics and software for the Mid-High
Wavefront Sensor. At the same time, the components of the other arm undergo on-bench alignment and flexure testing in
the large integration hall. Eventually, the two arms will come together on the bench for full system testing.
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Important milestones since 2008 include alignment of the individual star probes in the MHWS, closing of the adaptive
optics loop, and completion of the two MAPS multi-layer turbulence simulators. During this period, the LN partners at
Bologna and Padova completed the second Mid-High Wavefront Sensor and the first Ground-Layer Wavefront Sensor;
both are ready for delivery to Heidelberg and integration on the optical bench in mid-2010. Also since 2008, flexure and
motion testing indicated that the original moving mounts for the flat mirrors in the fore-optics would not reach the tight
specifications needed for interferometry. As a result, we fixed the conjugation altitude of the Xinetics DM at 7 km and
procured stable carbon-fiber sub-benches for the critical reflecting components.

Figure 5: Initial installation and alignment tests of the warm optics on the LINC-NIRVANA bench

4.2. Science Channel Cryostat
The large cryostat containing the science channel and fringe tracker is almost complete. All of the internal cryomechanisms, including the secondary mirror, filter wheel, dichroic wheel, and detector de-rotator, are either verified or
in the process of verification under operating conditions in a smaller test cryostat. We have experienced some quality
control difficulty with cryogenic harmonic drives, an essential technology for achieving LINC-NIRVANA’s demanding
positioning requirements, but these are now under control.
Since the last SPIE meeting, the cryostat team has achieved a number of milestones. These include characterization and
minimization of the vibrations induced by the unique cooling mechanism (figure 6), and we are now convinced of the
value and potential of this technology. An initial integration of the cold components into the cryostat proved successful
(figure 6), paving the way for the final important procurement: the diamond-turned reflective optics. Modifications to the
fringe tracker detector now permit simultaneous flexure measurements. The refinement of the internal baffling continues,
with a study of scattered radiation using non-sequential ray tracing. Integration of the fringe and flexure tracking system
should take place before the end of 2010. Finally, we have verified the procedures for cryostat installation and alignment
to the large optical bench.
4.3. Vibration Control
The experience of other large ground-based interferometric facilities points to the value of early and continuous
monitoring of vibrations. And, despite the fact that LINC-NIRVANA is a compact, self-contained system, uncontrolled
vibrations – both those generated internally to the instrument and those from the telescope environment – will
undoubtedly be an issue.
In the last two years, construction and installation of the LBT facility OPD and Vibration Monitoring System (OVMS)
has progressed considerably (see references in section 5). During the same period, we have characterized the vibration
transfer function of LINC-NIRVANA using a “shaker” located near the telescope mounting points and accelerometers at

Proc. of SPIE Vol. 7734 773407-5
Downloaded From: http://proceedings.spiedigitallibrary.org/ on 07/15/2015 Terms of Use: http://spiedl.org/terms

the location of critical components on the optical bench. These measurements, coupled with actual vibration conditions
measured by the OVMS at the LBT, should allow us to verify and maintain interferometric conditions long before we
ship LN to the telescope.

Figure 6: (left) Interferometric vibration testing of the cryostat cooling system Note the helium gas lines connecting the
cryostat to the remote mechanical cooler. (right) The LINC-NIRVANA cold opto-mechanics.

LINC-NIRVANA is a source as well as a victim of vibrations, and we have focused considerable lab work on
characterizing and minimizing these disturbances. These efforts include a major modification to the support mechanism
of the piston mirror, pushing its first eigenfrequency from 40 to almost 80 Hz. We have also examined how vibrations
from mechanical fans in the electronics racks propagate to the optical bench.
4.4. Software, Electronics, and Science Planning
Regular releases of the updated common software package continued during the last two years, and portions of the final
control software are in place for hardware integration and testing in the labs. Interactions with the future user community
culminated in summer 2009 with a workshop on observation preparation and planning. The associated software is now
mature, allowing greater focus on the incomplete common software modules. The data reduction packages are also well
advanced and in the hands of potential users. LINC-NIRVANA’s control electronics are essentially complete and in
regular use for laboratory testing, allowing the team to turn its focus to implementation issues such as routing of services
and cables.
The LINC-NIRVANA science program consists of a “Design Reference Mission” (DRM) to which the overall hardware
and software are designed. During early 2010, a smaller science team formed to examine science cases to be executed
early in the operations phase, when we will have limited observing modes and less than optimal performance.
5.

LINC-NIRVANA AT THIS CONFERENCE

A single short paper cannot capture an instrument of the complexity of LINC-NIRVANA, and in fact, there are more
than twenty presentations and posters on the instrument at this conference. Table 1 lists the corresponding papers,
organized by general subject area. Interested readers are encouraged to consult these other publications, and for the latest
news on the progress of LINC-NIRVANA, point your web browser to:

http://www.mpia.de/LINC
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Table 1: LINC-NIRVANA publications at this conference, organized by discipline
Discipline

Science

Fringe
Tracking

Adaptive
Optics

Vibration
and OPD
Control

Calibration
Software

Paper

Authors

Title

7735-52

Pott et al.

Early LINC-NIRVANA science: a bridge between current AO- and future
ELT imaging

7734-88

Ciliegi et al.

Analysis of LBT LINC-NIRVANA simulated images with the software
package AIRY-LN

7734-65

Brix et al.

Optimal control loop design for the piston correction actuator of the LINCNIRVANA instrument

7734-66

Rost et al.

The LINC-NIRVANA fringe and flexure tracker: control design overview.

7734-68

Horrobin et al.

Fringe detection and piston variability in LINC-NIRVANA

7734-106

Moser et al.

The LINC-NIRVANA fringe and flexure tracker: first measurements of the
testbed interferometer

7734-146

Follert et al.

The atmospheric piston simulator as an integral part of the calibration unit of
LINC-NIRVANA

7734-148

Tremou et al.

The LINC-NIRVANA fringe and flexure tracker: laboratory tests

7734-155

Zuther et al.

The LINC-NIRVANA fringe and flexure tracker: an update of the optomechanical system

7734-132

Viotto et al.

A very wide-field wavefront sensor for a very narrow-field interferometer

7736-154

Meschke et al.

An atmospheric turbulence generator for dynamic tests with LINCNIRVANA’s adaptive optics system

7736-168

Arcidiacono et al.

Numerical control matrix rotation for the LINC-NIRVANA multi-conjugate
adaptive optics system,

7736-63

Bertram et al.

The MCAO systems within LINC-NIRVANA: functions, procedures, and
control strategies

7734-139

Lorenzetti et al.

Feeding the wavefront sensors of LINC-NIRVANA: the dedicated patrol
camera

7734-107

Kürster et al.

OVMS: the optical path difference and vibration monitoring system for the
LBT and its interferometers

7734-147

Brix et al.

A real-time signal processing concept for an accelerometer-based calculation
of telescope-induced optical-path-difference vibrations at the LBT

7740-73

Borelli et al.

The LBT real-time based control software to mitigate and compensate
vibrations

7735-146

De Bonis et al.

7740-94

Briegel et al.

Dedicated versus realtime Linux-based adaptive optics systems for LINCNIRVANA

7740-95

Pavlov et al.

Instrument-specific features within the observation preparation software for
LINC-NIRVANA

7740-101

Kittmann et al.

Clock synchronization of motor control systems and PC system time

A compact, light-weighted, and multi-purpose calibration unit for LINCNIRVANA
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