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ABSTRACT

VIRUS is a massively replicated spectrograph built for HETDEX, the Hobby Eberly Telescope Dark Energy
Experiment. It consists of 156 channels within 78 units fed by 34944 fibers over the 22 arcminute field of the
upgraded HET. VIRUS covers a relatively narrow bandpass (350-550nm) at low resolution (R ∼ 700) to target
the emission of Lyman-alpha emitters (LAEs) for HETDEX. VIRUS is a first demonstration of industrial style
assembly line replication in optical astronomy.

Installation and testing of VIRUS units began in November of 2015. This winter we celebrated the first
on sky instrument activity of the upgraded HET, using a VIRUS unit and LRS2-R (the upgraded facility Low
Resolution Spectrograph for the HET). Here we describe progress in VIRUS installation and commissioning
through June 2016. We include early sky data obtained to characterize spectrograph performance and on sky
performance of the newly upgraded HET. As part of the instrumentation for first science light at the HET,
the IFU fed spectrographs were used to test a full range of telescope system functionality including the field
calibration unit (FCU). We also use placement of strategic IFUs to map the new HET field to the fiber placement,
and demonstrate actuation of the dithering mechanism key to HETDEX observations.
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1. INTRODUCTION

VIRUS is the massively replicated spectrograph being built and installed at the newly upgraded Hobby Eberly
Telescope (HET) for HETDEX - The Hobby Eberly Telescope Dark Energy eXperiment(1–3). VIRUS consists of
156 identical spectrograph channels contained in 78 identical units(4,5). Each unit is fed by 448 fibers. In total,
each VIRUS exposure contains 34944 spectra. Many of these spectra will be primarily sky, but we also expect
to observe over a million Lyman alpha emitters (LAEs) to constrain dark energy in the era of star formation
(1.9 ≤ z ≤ 3.5). The blind survey will be conducted over two fields and at three years as a baseline. It is
expected to begin once the full array is installed. The blind survey will also contain stars and galaxies that will
provide an exciting catalog for further scientific discoveries.
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2. SPECTROGRAPH DESCRIPTION

The VIRUS spectrographs can be found discussed in detail in several past proceedings (6–8). Here we present
an abbreviated version for context.

The spectrographs are based on a simple Schmidt camera. The camera and collimator are split mechanically
for assembly and ease of repair. A VPH grating is used for diffraction(9). Two identical optical channels are
contained in a single VIRUS unit to reduce the overall complexity of the VIRUS system.

The VIRUS spectrographs were designed to be simple - a limited bandpass (200nm) (based on science re-
quirements), with no moving parts, VPH gratings, and off the shelf CCD detectors. The design uses as many
reflective elements as possible, except for the grating and two aspheric correctors (a field flattener in front of the
CCD and a corrector plate that doubles as the vacuum window for the camera cryostat).

3. OVERVIEW OF SPECTROGRAPH ASSEMBLY AND ALIGNMENT

Assembly of VIRUS units was conducted at the University of Texas, Austin (cameras & collimators) and Texas
A&M University (TAMU)(collimators). This process has been ongoing in ”assembly line” mode for just over
two years. Although aiming for a truly identical process, there have been small changes as various issues arose.
The first several spectrographs were at some level used to debug the process. We have also made small changes
at our current pause in assembly to assess contamination issues with some detectors.

The design of the VIRUS units was driven by several principles including relative ease of assembly, a low level
of precision needed for first assembly steps, and repeatability of the process. This allowed students to be involved
at several stages of the work. It also meant that assembly shouldn’t strongly depend on a single person. This
was overall found to be true, although the copper cryogenic links required epoxying which was less repeatable
than originally expected.

Alignment was done at UT using an in-situ system that allowed adjustment of the camera mirror under
vacuum with a cooled detector (10, 11). The system was taken through focus and then adjusted to produce the
best alignment. Initial plans were to independently align the camera and collimator to allow a ”swappable” focus,
to aid in possible maintenence later in the instrument’s life. However, we found that removing that requirement
and ”permanently” mating cameras with collimators gave a marked improvement in the alignment of each unit.

4. CHARACTERIZATION

It is crucial that we characterize each spectrograph before deploying it to the telescope. This step is both a check
and a record. We want to ensure that each unit is meeting specifications and provide a baseline for any possible
change while the spectrographs are in service. The system is designed not to change, but issues with some of
the detectors has motivated small changes to enable in situ monitoring of units installed at the telescope.

Each spectrograph unit has pixel flats (exposed with a relatively flat white spectrum from an LDLS (Laser
Driven Light Source) and fiber flats (using Mercury Cadmium) taken, as well as darks. We measure an array of
system parameters including gain and read noise, as well as checking for any structure on the detector, charge
transfer efficiency issues, and a wavelength solution. A lab calibration unit (LCU) was built to mimic the FCU
(Field Calibration Unit) used at the observatory. Details of the characterization work can be found in proceedings
from this meeting(12).

5. INSTALLATION

The first ”VIRUS” installation was actually half of LRS2 (Low Resolution Spectrograph 2) - a separate instru-
ment, but designed within the mechanical infrastructure and interface of VIRUS (13) as well as a VIRUS unit.
The installation mechanically is identical, and the only difference is that in the end the system is wired into a
separate VMUX/computer interface from VIRUS. This installation run occured over during November 2015.

VIRUS units are stored backfilled with nitrogen when not in use. Before shipping, the units are pumped
out to vacuum. They are strapped into our shipping vehicles on top of foam for the 8 hour drive to McDonald
observatory(figure 1). Upon arrival, each unit is pumped out again to ”top off” vacuum and guarantee they will
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Figure 1. The first VIRUS unit packed for shipping in the back of a minivan. The drive to McDonald Observatory is
just under 8 hours from UT Austin. (Image: S. Tuttle).

be ready to install the following morning. Three vacuum pumps are available to expeditate the process when
several units are being installed as a block.

Our early installations were done with a smaller number of people, usually one or two in the air in the
JLG/lift, bringing up the spectrograph using the dome crane (see figure 2). Then the same crew would climb
to the back of the VIRUS enclosures to install the IFU fiber bundle. After a few installations it became obvious
that having a second team of two on the enclsoures during the install considerably speeds up the process. Team
1 runs the JLG and crane, and Team 2 does all the enclosure work on the back.

Team 1 runs the crane to bring the spectrograph up to its position in the enclosure(14). The spectrograph
slides along rails and is locked into position with a clamp (Team 2 confirms, as the clamp is in the back of the
enclosures). Team 1 cables up the controller and confirms that communications are working. This is crucial as we
need to be able to monitor the cooling of the detectors once the LN2 bayonet is installed. Once communications
are up, the bayonet is brought down from its stowed position and locked into the spectrograph. The connection to
the system is flexible conduit, which is crucial for the design. This does require care in positioning the connection
for LN2 to flow steadily. Failure to position the tubing correctly is easily observed when the spectrograph system
doesn’t cool correctly. Usually a slight rearrangement of the bayonet system is all that is required.

Once the spectrograph is cooling, Team 2 seats the fibers using the kinematic mounts and bolts the slit plate
into position. Both teams then close up the outer doors of the enclosure (front and back) to keep the system
clean and light tight (figure 3).

6. COMMISSIONING

Commissioning of the ever-growing VIRUS array is ongoing. Units are integrated into observations as soon
as they are cooled. This is one of the benefits of the multiplexed system - ”VIRUS” as an instrument is in
service almost regardless of the number of units available. The full array is required for the dark energy science
the system is designed for. But work to debug the hardware infrastructure and software pipeline, as well as
other science targets, doesn’t necessarily require the full complement of spectrographs. IFUs are being installed
contiguously to provide an ever growing field (as can be seen in figure 4). This allows for the partially completed
instrument to be used for science applications that do not neccessarily require the large field.
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Figure 2. Sliding a VIRUS unit into position from the JLG/lift. The weight of the unit is born by the dome crane seen
overhead.
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Figure 3. A full row of eight installed VIRUS units with the enclosure doors removed during installation. The VIRUS
support structure (white weldment) is seen riding the air bearings at the bottom of the image. The black pipes seen above
each unit remove heat from the controllers (seen between the cylinders of each unit.) (Image: T. Peterson)

Early work with commissioning has been to map the installed fiber bundle positions on sky and confirm
astrometry against known SDSS fields. It has been important to confirm we could reconstruct the field accurately
(and that we are mapping detector to sky correctly).

Figure 4. Left: SDSS target cluster with overlay of LRS2 (yellow) and VIRUS (green) IFU positions from VDAT (VIRUS
Data Analysis Tool). Center: Fiber images populating VIRUS IFUs. Right: Reconstructed image from VIRUS data.

7. IN SERVICE SPECTROGRAPH MONITORING

A pixel flat system is being built for deployment at the observatory to allow for occasional pixel flats to be taken
without removing the spectrographs (the fiber heads would have to be taken out briefly for the test.) This is
particularly useful while questions remain about long term detector stability (as a result of the contamination
issue discussed earlier). The whole system/spectrograph throughput will also be monitored through VDAT, for
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possible broken/damaged fibers as well as other issues (such as primary reflectivity changes). The FCU (facility
calibration unit) is used at least once a night to provide fiber flats and measure any relative changes.

8. NEXT STEPS

VIRUS will continue to grow over the next year. As units are built and rehabilitated they will be characterized
and shipped out to the mountain to join the array. Environmental stability in the enclosures is currently being
tuned, including temperature/airflow as well as electrical/grounding paths. Current work on the software and
hardware infrastructure means by the time the array is fully populated with 78 units (156 channels) the system
should be fully debugged and ready for HETDEX survey and other work.
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