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ABSTRACT 
 
Haystack Observatory is engaged in three new radio astronomy projects: design of the Low Frequency Array (LOFAR) 
with emphasis on performance simulations and detection of transients, construction of a dedicated array at 327 MHz for 
the detection of deuterium, and development of the Mark 5 VLBI data acquisition system based on magnetic disk 
recording.  Astronomical VLBI at 3mm-wavelength through the Coordinated mm-VLBI Array (CMVA) is being 
transitioned to the NRAO/VLBA by the end of 2002. Haystack will focus on VLBI at shorter wavelengths. 
Undergraduate education in radio astronomy continues to be an important component of Haystack’s mission. 
 
INTRODUCTION 
 
The MIT Haystack Observatory1 is currently involved in three new projects in radio astronomy, and is redirecting its 
efforts in mm-VLBI while continuing a vigorous program in radio astronomy education and outreach. A summary of 
these activities is outlined below. 
 
LOW FREQUENCY ARRAY (LOFAR)  
 
As a partner in the development of the Low Frequency Array (LOFAR) with ASTRON in the Netherlands and the 
Naval Research Laboratory in the U.S., MIT Haystack Observatory is participating in the design phase of LOFAR over 
the three-year period, 2002-2004.  Some specifications of LOFAR are outlined in Table 1. Haystack’s responsibilities 
include the development of a performance simulator to guide the overall system design and test processing algorithms, 
design of the antennas to cover LOFAR’s upper frequency range (110-240 MHz), and support of the digital signal 
processing system design, including specifically the subsystems for transient detection and triggered observations.  
Scientific interests of the MIT and Haystack groups include studies of the epoch of re-ionization and the transient 
universe, as well as investigations of ionospheric density perturbations and solar-terrestrial phenomena observable with 
the array.  It is anticipated that following the construction phase, a LOFAR Science Center will be established at 
MIT/Haystack to facilitate access to the array by the U.S. astronomical community and support data processing and 
analysis. 
 

Table 1.  A summary of salient characteristics of the Low Frequency Array 
 

Instrument type:                                 Aperture synthesis interferometric array 
Low frequency range:       10- 90 MHz, active dipoles 
High frequency range:                       110- 240 MHz, phased 16-dipole array 
Total Number of receptors:               13365 in each frequency range 
Number of receptors per station:        Between 81 and ~ 220 per frequency range 
Number of interferometric stations:   Nominally 100 
Number of beams at each station:      Nominally 8 
Instantaneous sky coverage:               1 steradian at 20 MHz using 8 beams 
Digitized Bandwidth :                          32 MHz (64 Msamples/ sec per receptor) 
Baseline range :                                   Between 100 m and ~ 400 km 
Spectral resolution :                             1 kHz 

                                                 
1 Support of the Haystack Observatory radio astronomy research, instrumentation development, and education programs 
described above is provided under grants from the U. S. National Science Foundation.  The Mark 5 development is 
supported through an international consortium of institutions that includes NASA, NRAO, USNO, JIVE, EVN, MPI, 
BKG and KVN. The e-VLBI project is supported by NASA and DARPA.    
 
 



DEUTERIUM ARRAY 
 
The second project involves the construction at Haystack Observatory of a dedicated radio array for the detection of 
deuterium at 327 MHz. The array will consist of 32 stations, and each station will consist of a 5x5 dipole array equipped 
with dual-polarization digital receivers. Figure 1 illustrates schematically the configuration of one array station. The 
total collecting area is projected to be  384 m2,  and the system temperature is limited by sky background, 70-400K. 
Following completion of the design and prototyping phase, construction of the array at Haystack Observatory is 
expected to begin in 2003, and scientific observations planned are for 2004. The array will also be capable of imaging 
hydrogen and carbon recombination lines in the frequency range 322-329 MHz. The multi-beaming capability of the 
array, its digital receiver design and RFI mitigation techniques provide excellent synergistic opportunities for both the 
LOFAR and SKA projects, and will allow use of the array as a test-bed for new techniques.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Schematic of a station for the deuterium array, consisting of 5 x 5 dipoles, 
arranged on a 4.5x 4.5 meter structure. 

 
 
MARK 5 VLBI DATA ACQUISITION SYSTEM 
 
The third project is the development of a new Mark 5 VLBI data system capable of supporting data rates equal to and 
exceeding 1 Gb/s, with 24-hour unattended operations.  The system is based on magnetic discs and utilizes relatively 
low-cost commercial off-the-shelf components adapted to the VLBI requirements.  Technical feasibility of the Mark 5 
recording and playback was demonstrated in early 2001.  Haystack is currently developing prototype systems for field 
testing at a few VLBI telescopes and correlators around the world, to be followed by beta-versions for deployment at a 
large number of facilities. Systems compatible with the VLBI Standard Interface (VSI) are then expected to be available 
by the end of 2003.   
 
Figure 2 is a photograph of the Mark 5 prototype system, consisting of an 7-inch chassis and 16 discs with a total 
capacity of about 2 Terrabytes using currently-available 120 GB discs. Disc capacity is expected to increase allowing a 
total capacity of over 3 TB by the end of 2002 and 16 TB by the 2006, all at costs that are projected to decrease from 
$2/GB to less than $1/GB in the future. The Mark 5 recording system is projected to cost in the range $15,000 to 
$20,000 per unit.  
 
 
 
      Figure 2.  Photograph of the Mark 5 prototype 
                 data acquisition system 
 
 
 



 
 
The Mark 5 system will also be capable of supporting real-time VLBI through fiber optic networks. A first 
demonstration of an ‘e-VLBI’ system at 1 Gb/s through a fiber network is planned for mid-2002 between the radio 
telescopes at Westford, MA and Goddard Space Flight Center, MD, with real-time processing at Haystack’s Mark 4 
correlator.  It is anticipated that future extensions of this work will involve linking VLBI telescopes in Europe, Japan 
and the U.S., thereby eventually bypassing data recording in the field and shipping of tapes or discs, while expanding 
the bandwidth of VLBI data acquisition. Collaboration with the international VLBI groups around this initiative is being 
developed through workshops and joint planning of experiments and tests. 
 
COORDINATED mm-VLBI ARRAY (CMVA) 
 
Astronomical VLBI operations at 3mm-wavelength conducted by Haystack Observatory under the Coordinated mm-
VLBI Array (CMVA) program will be transitioned to NRAO before the end of 2002, as the VLBA achieves full 
operational capability at 3mm.  It is currently expected that the October 2002 mm-VLBI global session will likely be the 
last CMVA session that is coordinated by Haystack Observatory.  Participation of the Haystack 37-m telescope in mm-
VLBI observations will then cease at that time and will be replaced by the VLBA telescope at Hancock, NH. Processing 
of all data acquired during CMVA operations will be completed at Haystack before the end of 2003 and released to the 
investigators. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Polarization maps of 3C273 and 3C279 showing contours of total intensity with fractional polarization in    
color. The peak fractional polarization is 11% for 3C273 and 26% for 3C279. 

 
A recent scientific highlight from the CMVA is the polarization imaging of 3C273 and 3C279 at 86 GHz shown in 
Figure 3. The location of the peak polarization is found in the jet component adjacent to the unpolarized core for 3C273, 
and between the core and the jet component for 3C279 [1]. Other work has concentrated on the use of SiO masers at 86 
GHz to trace the gas dynamics in the Orion K-L region [2] and around AGB stars such as  R Cassiopeiae [3].  
 
Emphasis of the mm-VLBI group at Haystack is moving towards exploratory spectral-line observations at wavelengths 
of 2mm and 1.3mm, in collaboration with VLBI groups at other institutions.  VLBI at these short millimeter 
wavelengths is technically challenging yet provides exciting new scientific opportunities in high-resolution astronomy. 
 
EDUCATION AND OUTREACH 
 
Haystack’s contributions to the education of undergraduate students in radio astronomy are continuing with excellent 
results.  Beta tests of the Small Radio Telescope (SRT) kit, consisting of a 2m-antenna and a receiver tuned to the 



hydrogen line at 1.4 GHz, have been successfully completed at 20 U.S. colleges and universities, and the low-cost kit 
has been commercialized.  A photograph of the SRT antenna is shown in Figure 4. It is now available to the 
astronomical community from CASSI Corp. (www.cassicorp.com), and serves as an excellent introduction to radio 
astronomy.  To date, a total of 70 SRTs have been deployed at various U.S. and international institutions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  A photograph of the Haystack Small Radio Telescope. 
 

Haystack’s current efforts with the SRT involve the addition of a digital receiver which has been designed and tested 
and is now being transitioned to commercial replication through CASSI.   Our future plans include the development of a 
radio interferometric system for educational applications, together with the necessary educational materials to introduce 
radio interferometry.   Haystack is also testing the introduction of the SRT at pre-college levels through the training of 
science teachers.  A trailer-mounted transportable SRT system has been constructed and made available to the teachers 
at their schools to enable usage by science students at the high school level. 
 
Opportunities for more in-depth research in radio astronomy by undergraduates continues to be available using the 
Haystack 37-m telescope, both for special student projects and for astronomy class activities.  The observations can be 
conducted either on location at the Observatory or through the Internet.  Educational materials on radio astronomy are 
available to the community at large through the Internet (see www.haystack.mit.edu).  
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