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A Rejuvenated Telescope
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CONSTRUCTION OF THE HUSIR ANTENNA

ture that ties into the four independent, but interwoven, 
outriggers. The quadrapod consists of four planar trusses 
that meet at their peak in a box-like structure known 
as the apex. The apex supports the secondary reflector 
(subreflector) via six linear actuators (a hexapod arrange-
ment) that control the position of the subreflector in all 
six degrees of freedom. The apex and quadrapod legs had 
been assembled around a 30-foot-tall tower built in a field 
adjacent to the temporary building. With the temporary 
building removed, the quadrapod and apex were lifted as 
one piece into position onto the backstructure, where the 
four quadrapod legs were welded to the mating interfaces 
on the ends of the outriggers. To protect the subreflec-
tor and electronic actuators from weather, they were not 
installed until after the major integration was complete 
and the radome cap replaced.

To prepare for the lift of the entire backstructure 
assembly onto the transition structure, a dry run was 
performed a few days prior to the planned lift date. This 
dry run was unique among all the lifts and was necessary 
because of the tight tolerances required to mate the back-
structure to the transition structure. 

Not only was the final positioning of the eight RSS 
mounting pads critical, but the backstructure would 
also have to be lowered down onto the transition struc-
ture without disturbing the knuckle-boom crane and 
two RF box platforms, all of which project well above 
the front face of the transition structure. The resulting 
clearances between these projections and members of 
the aluminum backstructure were as little as 3 inches in 
some cases. Because of the height of the knuckle-boom 
crane, the risk of damage to the backstructure from an 
unexpected swing could occur when the backstructure 
was still as high as 25 feet above the transition structure. 
These tight clearances, combined with the large sail area 

FIGURE 31. (a) Removal 
of the temporary building 
involved setting the building 
on rollers and rolling it into 
the parking lot for removal 
to minimize risk to the newly 
built backstructure seen in 
the background in (b).

FIGURE 32. The new backstructure is carefully lowered 
into position on top of the waiting transition structure.

(a) (b)

FIGURE 33. The rails and dolly for the RF box insertion 
system are raised up in preparation to be threaded down into 
the transition structure.

(a) (b)

dish replaced 2010–2013

still a 37m–telescope

now known as the
Haystack Ultrawideband Satellite 
Imaging Radar (HUSIR)
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Excellent Dish Properties
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FIGURE 25. The process to align the surface was iterative. 
Holography measurements were conducted late at night, other 
radar integration tasks utilized the antenna during the day, and 
adjustments were made in the early evening. This process was 
repeated until the surface error converged. The final surface 
HPLE value achieved was 75 µm rms, which corresponds to 
0.4 dB loss of gain compared to a perfect surface. 

FIGURE 26. The surface alignment converged to this final state with an HPLE of 75 µm rms. The remaining errors are now 
mostly random. After alignment, the histogram of the errors more closely resembles a normal distribution.
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and it is also where the diffraction corrections from the 
subreflector are largest. Two concentric ridges appear to 
run along the E ring. These ridges were not seen in the 
subframe measurements collected when the panels were 
being aligned to the subframes. It is likely that these ridges 
are not real and are an artifact of the measurements and 
processing. The E ring is also where the illumination field 
is the lowest. The feed pattern is tapered such that the field 
is down ~10 dB at the edge of the dish compared to near 
the center, so the impact of errors in the E ring is lessened. 

Conclusion 
The 120-foot-diameter Haystack antenna was recently 
upgraded to accommodate the HUSIR W-band radar. 
To maximize efficiency, the surface of the new antenna is 
required to maintain a surface that deviates from a perfect 
paraboloid by 100 µm rms or less under all operating con-
ditions. Having an efficient and precise method of mea-
suring the surface is essential to achieve this objective. A 
microwave holography system was developed to meet this 
need. The HUSIR holography system is capable of generat-
ing a map of the surface errors that has a spatial resolution 
of 0.6 m and an accuracy of better than 20 µm in slightly 
less than half an hour. The holography system was utilized 
to iteratively align the surface of the HUSIR antenna, and 
a surface tolerance of 75 µm rms has been achieved.

The holography system is independent of the W-band 
radar. The system remains intact and is available to con-
duct measurements in support of surface maintenance. 
In addition to providing a map of the surface errors, the 

Haystack surface RMS:
measured to be about 75 μm
predicted to be <100 μm in operations

reference values:
IRAM 30m–telescope — ~50 μm
LMT — ~70 μm?
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weather statistics for night:
PWV < 5 mm — 350 h
PWV < 10 mm — 870 h

actually quite reasonable
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Radome Performance
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Tech  Notes
www.ll.mit.edu September 2014

Since the launch of satellites into Earth 
orbits more than 50 years ago, space has 
become crowded. Commercial and military 
satellites, both active and defunct, share 
the space environment with an assort-
ment of space debris, such as remnants 
of damaged spacecraft and spent rocket 
boosters. This profusion of orbiting objects 
could seriously threaten space assets, 
such as the International Space Station or 
NASA’s science missions such as the Hub-
ble Space Telescope. Moreover, the global 
proliferation of satellites for communica-
tions, geospatial navigation services, and 
environmental monitoring is making the 
safeguarding of space and spacecraft more 
challenging than ever before.

Necessary to protecting the integrity of 
the space environment is accurate space 
situational awareness—that is, knowledge 
of the identity, location, behavior, and 
capabilities of objects orbiting in space. 
Providing such awareness is the mission 
of the U.S. Space Surveillance Network 
(SSN), a network of optical and radar sen-
sors that detect, track, and collect data to 
characterize objects orbiting Earth. 

The Haystack radar facility in West-
ford, Massachusetts, originally built in the 

1960s as a research test bed, has been a 
contributing sensor to the SSN since 1979, 
when the system was advanced to enable 
long-range imaging. In 2013, a major 
upgrade to the facility was completed, 
adding a millimeter-wave W-band radar 
capability to Haystack’s X-band system. 

The new dual-band system, the Hay-
stack Ultrawideband Satellite Imaging 
Radar (HUSIR), is the highest-resolution, 

Haystack Ultrawideband Satellite Imaging Radar
A ground-based, long-range, 
dual-band sensor that can 
daily generate very-high-
resolution radar images of 
space objects has the potential 
to significantly improve 
our knowledge of the space 
environment.

long-range sensor in the world, simultane-
ously generating X- and W-band images 
that help better determine the size, shape, 
orientation, and motion of objects orbiting 
Earth. In addition, HUSIR can charac-
terize individual components of large, 
complex objects and can distinguish small 
objects from each other. These advanced 
capabilities can supply data valuable for 
improving space situational awareness.

The completed Hay-
stack Ultrawideband 
Satellite Imaging 
Radar is enclosed in a 
space-frame radome.

transmission & obstruction:
20 GHz — 70%
50 GHz — 55%
100 GHz — 75%

radome emission:
up to ~10 K

other factors:
standing waves
unstable continuum background
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Educational Potential
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one of the few hands–on training opportunities in the nation



Jens Kauffmann ● MIT Haystack

Scientific Potential I: The Molecular Universe
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2 arcmin
~1 pc

dust HCN DCN HCO+ DCO+ N2H+ N2D+ HNCO SiO SO

HCN–rich 
filaments

dust–based
column density
from Herschel

DR21 in Cygnus–X
 structures 
rich in DCN 
and DCO+

DCN
HCN
DCO+

Orion B Molecular Cloud
C18O
13CO
12CO

Kauffmann et al. (in prep.)

results from the he IRAM 30m–telescope

Haystack telescope abilities similar to those of IRAM 30m–telescope

IRAM observes at high frequencies in good weather, so climate 
difference of limited relevance
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B. Rani et al.: Radio to gamma-ray variability study of blazar S5 0716+714

Fig. 16.The Evolution of the radio spectra: (a) 230 GHz light curve showing different periods over which the spectra are constructed.
(b) Quiescent radio spectrum; (c) Results of a single component spectral fitting at time bin “4”, the dotted line corresponds to the
quiescent spectrum, the dashed one to the flaring spectrum and the solid line to the total spectrum. (d) The same spectrum fitted
by a two-component synchrotron self-absorbed model, with the green dashed line showing the individual components and the blue
solid line showing a combination of the two. A single component model curve is displayed with a dotted-dashed red curve for
comparison. (e) & (f) The time evolution of S max vs νmax for the R6 and R8 radio flares. The spectral evolution extracted using a
single-component model is shown by blue symbols and the red symbols denote a two-component model (see text for details).

parameters of the one-component SSA fit for all spectral epochs
(bin 1 to 18). In a homogeneous emission region, the spectrum
is described by characteristic shapes Iν ∝ ν5/2 and Iν ∝ ν−(s−1)/2
for the optically thick and thin domain (s is the power law
index of the relativistic electrons), respectively. Thus, the
theoretically expected value of the optically thick spectral index,
αt is 2.5. While fitting the spectra with a single-component
SSA model, we find that αt varies between 0.32 to 1.56. This
deviation of αt from 2.5 indicates that the emission region is
not homogeneous, and it may be composed of more than one

homogeneous components. We also notice that the radio spectra
over the period between the two radio flares R6 and R8 (from
bin9 to bin12) can not be described by such a spectral model
at all. Apparently, these spectra seem to be composed of two
different components, one peaking near 30 GHz (low-frequency
component) and the other one at ∼ 100 GHz (high-frequency
component). Consequently, we consider a two-component
model.

15

Rani et al. (2013)

variability of blazar S5 0716+714
LSST

CTA

LIGO

can slew to any spot in ~60 seconds
could give priority to triggered observations

Haystack is extremely agile
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Towards a Science and Operations Plan
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Science Case

needed to guide future development 
work

requires well–known sky and 
telescope properties to get started

science case should provide 
specifications that future hardware 
should meet

potentially a focus on time domain

to be compiled with a target date of 
about summer 2018

Operations Plan

manpower needed for operations, 
upgrades, and maintainance

might call for „legacy programs“ of 
>100 h that allow to minimize support

when to observe (winter only?)

Today
● lunch and coffee discussions
● see the telescope at 1:15pm

please contact me at jens.kauffmann@mit.edu to get involved


