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This report covers the period 1 October 1998 - 30 September
1999.

1. INTRODUCTION
The MMT Observatory~MMTO! is a department of the

University of Arizona and is jointly funded by the Smithso-
nian Institution~SI! and the University of Arizona~UA!. Its
primary mission is to operate, maintain, and develop the
MMT for use by the scientific staffs of the parent organiza-
tions. The MMT is located on the 2600 m summit of Mt.
Hopkins, approximately 60 km south of Tucson, Arizona, on
the grounds of the F. L. Whipple Observatory~FLWO!.

2. PERSONNEL
As of 30 September 1999, the MMTO staff complement

of 19 consisted of C. B. Foltz~Director!, J. T. Williams
~Conversion Project Engineer!, S. Criswell ~Conversion
Project Manager!, S. West ~Associate Staff Scientist!, B.
Russ~Administrative Assistant!, H. Lester~Business Man-
ager!, S. Callahan~Mechanical Engineer!, D. Fisher and T.
Trebisky ~Computer Specialists!, K. Harrar ~Electronic En-
gineer!, C. Heller, J. McAfee, and A. Milone~Telescope Op-
erators!, W. Kindred~Instrument Specialist, Sr./Vacuum En-
gineer!, D. Smith ~Instrument Specialist!, P. Spencer
~Electrical Engineer!, M. Alegria ~Engineering Aide!, D.
Clark ~Electrical Engineer, Sr.!, and K. Van Horn~Electrical
Engineer!.

3. ASTRONOMICAL RESEARCH
Until its shutdown in early 1998, ninety-four percent of

the scheduled time on the MMT was devoted to astronomical
research, with the remainder going to telescope and instru-
ment maintenance and improvement. Most astronomical re-
search made use of the MMT facility instruments: MMT
spectrograph-blue channel, MMT spectrograph-red channel,
and echelle spectrograph.

On the morning of March 2, 1998, the chamber doors
closed on the 4.5 m MMT. The telescope was decommis-
sioned in preparation for the installation of the new 6.5 m
instrument. Progress on this project is described below.

The MMTO maintains a web site containing documenta-
tion on the telescope and instruments, as well as information
on the progress of the MMT Conversion Project. It can be
accessed at the following URL: http://
sculptor.as.arizona.edu.~Address comments or queries to
cfoltz@as.arizona.edu.!

4. TELESCOPE INSTRUMENT DEVELOPMENT:
Conversion of the MMT to a Single-Primary 6.5 m
Telescope

As a result of the success of spin-casting of mirrors at the
Steward Observatory Mirror Laboratory~SOML!, the
MMTO and its two parent institutions have replaced the six

1.8 m primary mirrors with a single 6.5 m diameter, f/1.25
paraboloidal borosilicate honeycomb primary mirror. Three
secondary mirrors will be available: an f/9 classical Casseg-
rain to allow the use of existing instrumentation and high-
resolution narrow-field imaging, an f/15 classical Cassegrain
secondary for use in the infrared and for adaptive optics ap-
plications, and an f/5.27 Cassegrain, corrected to f/5.4 with a
three-element refractive corrector with atmospheric disper-
sion compensation to produce a full one-degree field of view.
The telescope is installed in the existing MMT building on
the existing yoke.

The consulting engineering firm of Simpson Gumpertz &
Heger Inc.~SGH!, which played a major design role in the
original MMT, was contracted to assist in the design of the
new optics support structure~OSS!, the mirror cell, the alu-
minizing head, and modifications to the building and yoke.

The final design phase was completed in September 1992.
The design incorporates thermal conditioning of the primary
mirror, an inverted Serrurier truss for the support of the for-
ward frame of the telescope, and provisions forin situ alu-
minization of the primary. In addition, the elevation drive
motors will be moved from the elevation axis to the drive
arcs near the observing floor. The elevation axis will be
raised, and the azimuth axis better constrained. The contract
for fabrication of the cell, OSS, and aluminizing head was
awarded to TIW Fabrication & Machining, Inc. on Septem-
ber 30, 1993.

The mirror cell and drive arc assemblies were transported
to the mountain and installed on the MMT yoke in the sum-
mer of 1998. Shortly thereafter, the 21,000 pound steel
dummy mirror was installed in the mirror cell on the static
primary mirror supports. Next, the forward structure was
lifted into the building and attached to the cell. The hard-
points and mirror support actuators were then re-installed in
the cell. The drive arc and elevation bearing alignment could
then be completed. The active primary mirror support system
was then tested with the dummy mirror to provide a degree-
by-degree map of the actuator and hardpoint forces applied
from zenith to horizon pointing, and for accelerations from 0
to the maximum slew speed.

Counterweight drive systems and the elevation brakes
were installed and tested. The primary mirror support sys-
tem, dummy mirror, and the telescope drives were operated
simultaneously for the first time in late November. The servo
loop for the telescope elevation drive was closed and both
elevation motors have been run simultaneously at slew rates
up to 1.5 degrees per second. The azimuth drives have been
run at similar speeds. Controlled building/telescope collision
tests were carried out to verify the safety of the primary
mirror under rapid deceleration.

The vacuum head was transported to the mountain on
November 17. On November 18, the vacuum head was test
fitted to the mirror cell and stored on the roof of the support
building. The large blower for the primary thermal control
system was also lifted into place while the large crane was
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on site. In early 1999, the vacuum head was re-installed on
the cell. Large mechanical and turbo-molecular vacuum
pumps were attached to the cell and the vacuum head. Then,
the whole system was pumped down and deflections of the
mirror cell under the pressure load were measured. Satisfac-
torily low pressures were achieved in the cell, and the cell
deflection was within specification. The vacuum head was
then removed along with the dummy mirror, and the tele-
scope was prepared for installation of the primary mirror.

On March 22, the primary mirror was rolled out of the
storage facility at the Whipple Observatory basecamp and
lifted from its lowboy trailer. After mounting on the spe-
cially constructed transport trailer, it was rotated to near ver-
tical in preparation for the trip to the summit, and bolted and
chained into place. The mirror was driven up the mountain
the following day, with the mirror convoy leaving the base-
camp at about 9:00 AM. The convoy arrived at the summit at
about noon. As in the moves of the other large components,
a giant loader traveled behind the transport rig and pushed it
up the steeper parts of the road. The whole trip went without
a hitch. After arrival at the summit, the mirror box was off-
loaded and the truck retreated back down the mountain.

Early on the morning of March 25, 1999, the primary
mirror was readied for installation. Preparations of the pre-
vious day included the assembly of the lifting fixture, and
vacuum tests of the suction pads and associated pumps. The
lift had been planned for the afternoon of the 25th, but im-
pending inclement weather forced a re-scheduling to the
early morning to beat the incoming storm.

The joint MMTO/Steward Observatory crew assembled at
about 6:00 AM for a pre-lift briefing by J.T. Williams, who
directed the lift. At 7:10 AM, a 120-ton crane from Marco
Crane & Rigging began to hoist the lifting spider holding the
$10 million primary over the top of the building, then gently
lowered it into the optics support structure.

By 8:40 AM, observatory staffs were aligning the mirror
very carefully to its cell, to within an accuracy of a couple of
millimeters. At 10:26 AM, the mirror cell supported the en-
tire 10-ton weight of the glass, with the crane holding only
the 7-ton lifting fixture. Williams announced that the mirror
was wholly free of crane support and cradled only by the
cell. A half-hour later, celebratory rootbeer was popped and
passed around among the staff. They still had a long day
ahead, clearing the small, crowded summit of vehicles and
equipment. But we’ll never face this task again – the mirror
has been installed for the life of the telescope. The MMT
currently has the biggest single-piece primary mirror on the
North American continent.

Progress was made on the three secondary mirrors. The
first to be installed will be the 1 m diameter f/9 secondary.
Polishing of this optic is complete and its cell is nearing
completion. The f/15 secondary, a 1.7 mm thick, 70 mm
diameter glass membrane, was polished in the Steward Ob-
servatory Mirror Lab and currently awaits installation on its
bed of the 320 actuators that will apply the adaptive correc-
tion. The 1.7 m diameter f/5 wide-field secondary has been
aspherized to a surface error of about 3 micrometers using
fixed tools. It will soon be mounted on the stressed lap pol-
isher at SOML for loose abrasive grinding and stressed lap

polishing. Design of its cell is nearly complete.
Figuring of all the f/5 wide field corrector optics was

completed at Raytheon Optical Systems. The surfaces are
very smooth and the metrology gives us high confidence that
the correct surface radii were achieved. The tricky task of
bonding the ADC prism elements went very well in the end,
with only a few tiny bubbles in the epoxy adhesive. Raythe-
on’s attention to quality has been outstanding. The corrector
cell is complete and has been delivered to the Porter Ex-
change laboratory in Cambridge. All parts fit well. The large
fixture to dip the corrector lenses into a Sol-gel solution, to
produce antireflection coatings, was completed and tested.
This fixture will be tested by coating the 16-inch diameter
Hectospec instrument’s lenses, and then will be used for
coating the corrector optics. Following antireflection coating,
Raytheon will mount the coated lenses into the corrector cell,
with SAO oversight.

The first attempt at aluminizing the primaryin situ, i.e., in
the telescope cell, was carried out in mid-July. The results
were mixed: The mechanical pumps worked very well, as
did the large cryopump during pre-fire testing. The latter was
probably saturated and not properly purged before the actual
deposition event, so pressures during the deposition were a
little high. Good deposition rates were achieved, and about
900 Å of Al were deposited on the primary with very good
adhesion. The major problem was that some of the filaments
ran dry of Al during the attempt, and tungsten was deposited
on the mirror on top of the aluminum. This resulted in re-
flectance that is below the acceptable level. The problems
have been diagnosed and corrected, and a second attempt
will be made in late 1999. The surface is perfectly adequate
for engineering tests however.

A CCD camera has been mounted at prime focus for
pointing and tracking tests. Using a 6-term pointing model,
the first pointing run of 52 stars gave a pointing accuracy of
8 arcsec rms. This is a tribute to the stiffness of the new
telescope’s structure. Additional pointing tests will be run at
Cassegrain following the installation of the first secondary.
We expect to reduce the pointing error by roughly an order
of magnitude.

The prototype wavefront sensor for the MMT was again
taken to the Vatican Advanced Technology Telescope for
proof of its operation in an extremely fast~f/1! beam. The
main issues being investigated were the sensitivity to aber-
rations and the dynamic range of a high-resolution interfero-
metric Hartmann wavefront sensor. The results of the run
have shown that this type of instrument will work very well
at the f/1.25 prime focus of the new telescope as well as at
the f/9 and f/5.4 Cassegrain foci. Using this technique, we
can solve for phases and/or wavefront gradients. All least
squares fitting is done with singular value decomposition.
After phases are solved for, Zernike polynomials are fit. Al-
ternatively, wavefront gradients are fitted directly to the dif-
ferentiated Zernike terms. Comparison of the two methods
with the same starting CCD frames yielded high repeatabil-
ity. The final wavefront sensor was designed and constructed
along with a complete software package for reduction of the
interferograms. The device will be mounted first at the prime
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focus in the fall of 1999 to optimize the forces applied to the
active primary mirror support actuators.

With all the various pieces of the telescope coming to-
gether quickly, first light at Cassegrain is expected to occur
near the turn of the Millenium.

5. SEEING MONITORING PROGRAM
No seeing data were taken during this reporting period.

Seeing monitoring will be re-instated following the commis-
sioning of the 6.5 m telescope in early 2000.

6. PUBLIC ACCESS TIME ON THE 6.5 M
TELESCOPE

A significant amount of observing time on the 6.5 m tele-
scope of the MMT Observatory will be made available to the
astronomical community, starting in March 2000, through
the NOAO proposal process. Under an agreement with the
National Science Foundation, 162 nights of observing time
will be allocated to the astronomical community over six
years. This Public Access time will be distributed over the
phases of the moon and the seasons of the year in the same
proportion as the scientific observations scheduled for the
staffs of the MMT Observatory’s parent institutions, the
Smithsonian Astrophysical Observatory and Steward Obser-
vatory. Therefore, roughly 27 nights per year will be allo-
cated for national access, although the actual number of
nights available in a given year will vary, particularly in the
first year or so after the telescope’s commissioning.

Access for visiting observers through the Public Access
Program will begin in March 2000. Proposals should be sub-
mitted through NOAO using the standard NOAO proposal
form. The NOAO TAC will review proposals, and those ap-
proved will be forwarded to the MMT for scheduling.

Procedures and forms to apply for telescope time can be
found at http://www.noao.edu/noaoprop/noao prop.html.
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