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The Long Wavelength Array (LWA) will be a new, open-skiesgmusriented aperture synthesis
instrument dedicated to explore frequencies between 28@nHz. The LWA will provide high
temporal (millisecond or better) and high spatial resolutiarcsecond) and mJy-level sensitivity.
The LWA key science areas include acceleration, propagatiaod turbulence in the ISM; the
high-redshift Universe; planetary, solar and space seieand the transient universe at radio
wavelengths. In addition, key goals of the LWA are as a trajrground for the next generation
of radio astronomers and to re-invigorate radio astronamtpé US at the university level. The
LWA will be operated by the University of New Mexico on behaffthe South West Consortium
(SWCQC), thereby providing opportunities for students witthe fields of astronomy, computer
science and electrical engineering. Currently, in its fesir of construction funding, the LWA
team is now bringing up the first station near the Very Largesite in the southwest US.
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1. Introduction

Compared to wavelengths short-ward of about 20 cm, at longer wavbterbe Universe is
poorly explored. Thus, many astrophysical problems remain to be inviestigad discovered at
the lowest end of the radio spectrum. To develop a usable long-waveltsigsoope, the Naval
Research Lab (NRL) and the National Radio Astronomy ObservatonA(§Rvorked together to
add a 74-MHz system to the Very Large Array (VLA). Scientific promisioatradio frequencies
has been demonstrated by the successful completion of this system, whibbdraavailable to a
growing user community since 1998. With the VLA2&ngular resolution, a few radio sources
have been resolved spatially, yielding interesting and pioneering worarimdgtance, the physics
of supernova remnants and particle acceleration (g.g. [1]). More inmlyrtéhe VLA 74-MHz
system has shown that the development of self-calibration techniquegié&dield imaging lifts
the constraints that for a long time confined long-wavelength astronomy togoguilar resolu-
tion and consequently confusion-limited sensitivities. It should be noteditbafLA was never
designed to operate at such low frequencies, resulting in mediocre 74dyistem efficiencies
and thus, at best, sensitivities of 25 mJy/beam. To reach more ambitiousesgiEals, resolutions
of a few arcseconds and sensitivities<ofl mJy are desirable. This can only be achieved by a
specifically designed instrument dedicated to operate at low frequeiikissating the need for
the Long Wavelength Array (LWA) as well as other low-frequency inseeats such as the Mileura
Widefield Array (MWA) and the Low Frequency Array (LOFAR).

2. LWA design concept

The LWA will be an open-skies, user-oriented aperture synthesis metrudesigned to oper-
ate between 20 and 80 MHz (154 m), a range where the ionosphere limited previous instruments
to ~ 5km baselines. The demonstration by the 74-MHz VLA system that this limit eaovér-
come, inspired development of the 400-km LWA that will achieve unprexsed spatial resolution
(2— 8", depending on frequency) and sub-mJy sensitivity, i.e. 2—3 ordermghitude improve-
ment over past capabilities. Together with high temporal (millisecond or beésojution, the
LWA is therefore well suited to probe the transient Universe at long lgagths where previous
undiscovered classes of emitters are hinted at from low-resolution VIs&rehtions.

A full description of the array design is beyond the scope of this presemthowever a brief
overview of the LWA is necessary to illustrate the technical and hence the scientifibiiéips of
the instrument. At the top hierarchical level, the complete LWA will consist o$tafions spread
across the state of New Mexico (Fig. 1) in a pattern designed to provide dptineoverage, in
turn optimizing the imaging and calibration parameters. A single station consis&6din2arly
polarized crossed dipole elements distributed over a 100-m diameter aaeh. station will be
phased up as an individual beam using electronic phase-delay adjtstihoce correlated with
the other stations. Given that each dipole can see the entire sky and thésb&teered electroni-
cally, the beam can be pointed to any position in the sky without the involverfi@myanechan-
ically moving parts. The electronic beam steering also means that multiple bearhe é@med
simultaneously and directed independently anywhere on the sky, enalvlng #fexible observing

1A more detailed description can be found at http://lwa.unm.edu
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Figure 1: LWA stations will be spread throughout and possibly beydmal state of New Mexico. The
upside-down Y-symbol denotes the location of the VLA.

instrument with many potential operation modes. The number of stations is maiatynileed to
achieve sulfficient collecting area while the number of dipole elements persimtietermined by
the signal-to-noise ratio required to perform self-calibration.

3. LWA scientific and educational goals

The LWA will explore the transient universe at long wavelengths wheegipus undiscov-
ered classed of emitters, including steep-spectrum sources are expEbteLWA science areas
include: 1) acceleration of relativistic particles in, for example, supernemnants, radio galaxies
and clusters, and ultra-high energy cosmic rays; 2) cosmic evolution andigh-redshift Uni-
verse, including evolution of dark matter and dark energy by differengjattaxed and merging
clusters, and studying the first black holes; 3) plasma astrophysicgaoé science, including the
acceleration, propagation and turbulence in the ISM of the Milky Way amchalogalaxies; and
4) the transient Universe including magnetar giant flares, gamma-raystamd new sources of
unknown origin. To undertake the LWA project, the South West Consort&WiC) was created,
consisting of the University of New Mexico (UNM) as the lead institute, thedN&esearch Lab
(NRL), Los Alamos National Laboratories (LANL) and the Applied Resbdrabs at University
of Texas at Austin (ARL-UT).

In addition to the scientific goals, other important goals of the LWA are as aitadhraining
ground for the next generation of radio astronomers and to re-intgyoagdio astronomy in the
US at the university level. Great discoveries in astronomy are oftenlezhély technological
advancements, for instance in receiver development or improvemengditmfation algorithms.
This illustrates the importance of an all-embracing understanding of the fighieascience and
engineering communities have naturally evolved into more specialized, aachs2pommunities
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which may lead to a weakening of the communication between the disciplines WWhedguires a
new approach to software and hardware, and therefore serveatdiader for larger international
low-frequency telescope projects like the Square Kilometer Array (SKich of this work will
be performed at US universities, providing training for the next geiveraf radio astronomers and
telescope designers. At UNM, the LWA will provide a unique opportunity termix research and
development at a student level. Student projects will include desigricédion, RFI mitigation,
observing, software development, and development of imaging and ¢@libedgorithms.

To engage the LWA as both a means of providing technical training of stsidemd to pur-
sue excellent science at the university level, four university-bagedtffic testing and evaluation
teams have been set up. These teams will provide early feedback frentifsc experiments,
thereby allowing the possibility to optimize the final LWA. The four teams will foonshe fol-
lowing four research areas respectively: 1) high-resolution imagidgparticle acceleration; 2)
wide-field imaging and cosmic evolution; 3) ionosphere and ionosphergigd)and 4) RFI miti-
gation and excision, and transient events.

4. A phased construction

To ensure that the scientific objectives will be met for the final 52 stati@yattie LWA will
be built in phases. While it is the goal of the LWA to produce science in gueage, this will also
allow feedback from scientists and hence the possibility to improve the insttumerthe next
phase of the construction. Table 1 outlines the timescale of the plannedutiostphases. Phase
0 is the now completed 74-MHz VLA system which demonstrated the technigsibiéities of a
low-frequency instrument. Currently, the LWA project is in Phase |: thestroction of the Long
Wavelength Demonstrator Array (LWDA) station in addition to the first LWA statibhe LWDA
station differs slightly from the remaining LWA stations being a scaled-doWwn-(80 MHz) ver-
sion optimized to function well with the VLA 74-MHz system. In Phase I, the aim i®$b and
develop the structural design of antennas and receivers to determifieathgesign. In addition,
we will work towards incorporating LWA stations into the VLA 74-MHz system.

Time Phase Description Status
2004 0 74-MHz system at VLA Completed
2006-2008 | Long Wavelength Demonstrator Array Funded, and
+ LWA station 1 construction started
2007-2010 I 9 station array
2010-2012 1l LWA core
2012-2014 IV High-resolution LWA
2010- v LW operations and science centre

Table 1: Time line for the construction phases of the LWA, as of Oct&86

The LWDA station is located next to the VLA which facilitates setting up our djmra given
that an infrastructure already exists. To date, we have installed the@imtténna structures at
the LWDA site (Fig. 2). During 2006, receivers will be installed at the sité @m intense testing
period will take place. The antenna structure and design, as well ascéigerehain design and
functionality will be evaluated before manufacturing of a larger array veib.
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Figure 2: The first 16 installed dipole antennas at the LWDA stationtiedaext to the VLA.
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