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The LWA Instrument 

State of New 
Mexico, USA 

LWA-1 

•  10-88 MHz Aperture Synthesis Telescope            
•  4 beams x 2 pol. x 2 tunings x 16 MHz  
•  2 all-sky transient obs. modes 

•  LWA-1 completed Spring 2011 
•  Goal of 53 LWA stations, baselines 
up to 400 km for resolution 2” at 80 
MHz with mJy sensitivity 
•  Cost is ~$1M/station 



10-88 MHz usable Galactic noise-dominated (>4:1) 24-87 MHz 

4 independent beams x 2 pol. X 2 tunings each ~16 MHz bandwidth 

SEFD ~ 3 kJy (zenith)   Smin ~ 5 Jy (5σ, 1 s, 16 MHz, zenith) 

All sky (all dipoles) modes:  TBN (67 kHz-bandwidth; continuous) 

                                             TBW (78 MHz-bandwidth, 61 ms burst) 

One “outrigger” antenna ~300 m to the East 

LWA1 science emphasis: transients, pulsars, Sun, Jupiter & Ionosphere 
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Analog Signal Processor (ASP) Digital Processor (DP) 



Highlights - 1 
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Images 

10 sec 
50 kHz 



Cygnus A Drift Scan 

8 

Cygnus A drifts 
through a beam 
at 74 MHz 

10/6/2011  
1.2 MHz bandwidth 
 220 dipoles 
No RFI excision 

Time (seconds) 



Multi-beaming 
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              Cyg A:  295.0 az., 49.5 el.           Cas A:  0.0 az., 65.2 el. 



Comparison to other instruments 
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LWA1 has sensitivity comparable to all of LOFAR  

Declination Range     Δν 
                                 (MHz) 

UTR2:  -30° to +60°    33 

LOFAR: -11° to +90°    3.6 
Y=VLA:-35° to +90°    3 
LWA1:  -30° to +90°   16 
GMRT:  -53° to +90°   10     
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Pulsar 

38 MHz 



Steep Spectrum Pulsars and 
Connection to Fermi 

•  Before 2008, 
Geminga was the only 
known radio-quiet 
gamma-ray pulsar 

•  Blind searches of 
Fermi LAT data have 
discovered over 36 
pulsars in the gamma-
ray band! 

•  So far, only 4 have 
been found to pulse in 
radio, despite very 
deep searches 

Is this a beaming effect or some other physical 
mechanism? 
• Low frequency searches are promising because 
beaming fractions appear to increase 
• Some pulsars appear to be very steep spectrum  
(S ~ ν–4) 



LWA1 Science Overview 
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Key LWA Science Drivers (LWA1 subset in red) 
•  Acceleration of Relativistic Particles in: 

•  Hundreds of supernova remnants in normal galaxies at energies up to 1015 eV 
•  Thousands of radio galaxies & clusters at energies up to 1019 eV 
•  Ultra-high energetic cosmic rays at energies up to 1021 ev and beyond 

•  Cosmic Evolution & the High Redshift Universe 
•  Evolution of Dark Matter & Energy by differentiating relaxed and merging clusters 
•  Study of the 1st black holes & the search for HI during the EOR & beyond 

•  Plasma Astrophysics & Space Science 
•  Ionospheric Waves & Turbulence 
•  Acceleration, Turbulence, & Propagation in the ISM of Milky Way & normal galaxies 
•  Solar, Planetary, & Space Weather Science 

•  Transient Universe 
•  Possible new classes of sources (coherent transients like GCRT J1745-3009) 
•  Magnetar Giant Flares 
•  Extrasolar planets 
•  Prompt emission from gamma ray bursts (GRBs) 

•  LWA1 will do excellent science from the transformational to the modest 
–  Both extremes represent excellent science, serendipitous discoveries likely, viable student thesis 

projects – made possible because LWA1 is BIG! 



•  A backend to the LWA1’s digital processor 
•  Receives the TBN data stream: continuous 100 kSPS data 

from all the dipoles 
•  Using a software FX correlator, PASI images most of the sky 

(≈1.5 π sr) many times per minute at 100% duty cycle 
•  This is a virtually unexplored region of transient phase space! 

(radio frequency, sky coverage, imaging cadence, uptime)  



Bower et al. (B07, B10), Banister et al. (BA10), 
Croft et al. (C10), Frail et al. (F03), Gal-Yam et al. 
(G06), Lazio et al. (L10) 

Transients that are 
BRIGHT and RARE: 

• Bright flares from Hot Jupiters 
• Giant flares from magnetars 
• Prompt GRB emission 
• The unknown … 

Strategy for candidate detections: 
• Automatic follow-up with an LWA1 beam: raster 

scanning over the candidate transient’s location 
• Ultimately, confirmed detections will trigger rapid alerts 

for multi-wavelength follow-up 





Summary 
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LWA1 is an operational, world-class instrument 

There are many opportunities for discovery: pulsars, transients, cosmology… 

LWA1 is an early example of a large N array – 32,640 baselines 

Images of the sky are available 24/7 on LWA TV  

                  http://www.phys.unm.edu/~lwa/lwatv.html 



Backup Slides 



•  Low frequency (only) 
• Highly polarized 
• Time-variable emission: 

+ Only present during (small) subset of rotational phase 
+ Bursty on ~ms to ~min time scales 

was therefore deemed a possible analog of TVLM 513 and a suit-
able target for a radio monitoring observation.

2MASS J0036, on the other hand, has previously been ob-
served by Berger et al. (2005) in multiepoch observations that
showed this target to be a source of periodic, highly circularly
polarized emission. The authors attributed this periodic emission
to gyrosynchrotron radiation from an extended source region
larger than the stellar disk with magnetic field strengths in the
source region of !175 G. However, Hallinan et al. (2006, 2007)
suggested that this periodic emission may also be produced in the
same fashion as that detected from TVLM 513, i.e., ECM emis-
sion from compact regions at the poles of a large-scale magnetic
field with kG field strengths in the source region. We have con-
ducted a 12 hr observation of 2MASS J0036 with the VLA at a
frequency of 4.88 GHz in an attempt to distinguish between these
two mechanisms as the source of the radio emission from this
ultracool dwarf.

2. RADIO OBSERVATIONS

LSR J1835 was observed on 2006 September 18Y19 at a fre-
quency of 8.44 GHz for a total of !11 hr, including overheads
and time spent on the sources 1850+284 and 1331+305 for phase
and flux density calibration, respectively. Twenty-two dishes of
the VLA in B configuration were used in standard continuum
mode with 2 ; 50 MHz contiguous bands. Observations of the
source were suspended for a 0.9 hr period during which it was
above the elevation limit of the VLA. 2MASS J0036 was ob-
served on 2006 September 24 at a frequency of 4.88 GHz for a
total of !12 hr, including overheads and time spent on the sources
0042+233 and 0137+331 for phase and flux density calibration,
respectively. Twenty-five dishes of the VLA in B configuration
were used in standard continuum mode with 2 ; 50 MHz con-
tiguous bands. Data reduction was carried out with the Astro-
nomical Image Processing System (AIPS) software package. The
visibility data were inspected for quality both before and after the
standard calibration procedures, and noisy points were removed.
For imaging the data we used the task IMAGR.We also CLEANed
the region around each source and used the UVSUB routine to
subtract the resulting source models for the background sources
from the visibility data. The source was shifted to the phase cen-
ter, and light curves were generated by plotting the real part of
the complex visibilities as a function of time.

2.1. LSR J1835

LSR J1835 was detected as a persistent source over the du-
ration of the 11 hr observation with a flux density of 0:722 "
0:015mJy (Fig. 1). This emission can be resolved into two com-
ponents: a quiescent, largely unpolarized component, and periodic,
100% circularly polarized, coherent pulses that reach a flux den-
sity of !2.5 mJy. The pulses are periodically present throughout
the observation, indicating that their apparent transient nature is
not due to intrinsic variability in the source region, but rather due
to the rotational modulation of highly beamed coherent emission
that is stable over timescales #11 hr. The periodicity was estab-
lished using three independent methods: (1) conducting a Lomb-
Scargle periodogram analysis of both the Stokes I and V light
curves, (2) phase folding the data over awide range of periods and
then analyzing the !2

r values of the resulting light curves in an
attempt to detect a peak in variance, and (3) determining the time
difference between the peaks of the narrow duty cycle pulses. In
total, three pulses were detected recurring with a period p $
2:84 " 0:01 hr. A fourth pulse is also expected to have occurred
on September 18, 26.3 UT, while the source was above the ele-

vation limit of theVLA. The end of this pulse was indeed detected
when observations recommenced on September 18, 26.42 UT.
Berger et al. (2008a) have recently reported on a deep pointing of
LSR J1835, taken approximately 8months after the observations
reported here, and claim no evidence of periodic or highly circu-
larly polarized emission. Therefore, the degree of activity in the
compact regions associated with the pulses can vary greatly over
timescales of order a few months, similar to what has previously
been confirmed for TVLM 513 (Osten et al. 2006; Hallinan et al.
2006, 2007; Berger et al. 2008b).
Two mechanisms are usually invoked for the generation of

solar and stellar coherent radio emission, plasma radiation and
the ECM instability. We rule out plasma radiation as a source of
the coherent pulses detected from LSR J1835, which is gener-
ated at the fundamental and perhaps first harmonic of the plasma
frequency, "p % 9000n1/2e Hz, and requires "p3 "c, where ne is
the plasma electron density and "c is the electron cyclotron fre-
quency in the source region (Dulk 1985; Bastian et al. 1998;
Güdel 2002). This mechanism is thought to be a dominant source
of radio bursts detected from the Sun, but is generally confined
to frequencies below 1Y3 GHz as free-free absorption strongly
increases with frequency, inhibiting the escape of the propagat-
ing emission. The coherent pulses detected from LSR J1835,
which were observed at a frequency of 8.44 GHz, are therefore
unlikely to be due to plasma radiation. It has been postulated
that the optical depth for free-free absorption should be reduced
in the coronae of very active stars, such as RS CVn binaries,
where thermal coronal temperatures can reach 108 K, enabling
the escape of plasma radiation at higher frequencies (White &

Fig. 1.—Light curves of the total intensity (Stokes I ) and the circularly po-
larized (Stokes V ) radio emission detected at 8.44 GHz from LSR J1835+3259
on 2006 September 18Y19. For the Stokes V light curve, right-circular polariza-
tion is represented by positive values, and left-circular polarization is represented
by negative values. The data have a time resolution of 10 s and are smoothedwith
a moving window of 150 s. An !0.9 hr gap is present in the observation during
which LSR J1835 was above the elevation limit of the VLA. The source is de-
tected with a mean flux density of 0:722 " 0:015 mJy. As well as a largely non-
varying quiescent component of radio emission, three periodic pulses of 100%
left-circularly polarized emission are detected with p $ 2:84 " 0:01 hr. The ar-
rows highlight the time of a pulse which occurred while the source was above the
elevation limit of the VLA. Although the peak of this pulse was missed, the latter
part was detected when the observation resumed.
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SEARCHING FOR HOT JUPITERS WITH THE LWA1

Jacob M. Hartman (Eureka Scientific) & Gregg Hallinan (NRAO / UC Berkeley)

We propose using the first LWA station to conduct a volume-limited search for decametric

radio emission from hot Jupiters. The interaction between the magnetospheres of these ob-

jects and their parent stars should produce electron cyclotron maser emission that is bright

in the LWA band but that cuts off at frequencies below most searches to date. Detection of

this emission would provide a direct measurement of a planet’s magnetic field and rotational

period. We describe search strategies to maximize our coverage of the rotational phases of

these sources and to capitalize on their unusual emission properties, notably their high po-

larizations and short-timescale variability. This search will reach unprecedented depths of

∼5 mJy in the critical 10–60 MHz range. We also describe a blind search for unknown hot

Jupiters, which we will incorporate into the LWA1 analysis pipeline.

1. Low-frequency Radio Emission from Extrasolar Planets

The number of known extrasolar planets has grown rapidly since the first detection two

decades ago (Wolszczan & Frail 1992), and preliminary data from the Kepler mission

promise an oncoming explosion of the known population (Borucki & Kepler Team 2010).

Most of these detections are indirect, either by radial velocity measures or transits. In

contrast, low-frequency radio will allow the direct detections of the interaction between

the magnetospheres of these planets and their parent stars. Such a detection represents

the only method currently viable for measuring the magnetic fields possessed by extrasolar

planets. The existence of a planetary-scale magnetic field gives a crude indication of the

interior composition of a planet, and it may provide information about the planet’s rotation

rate. For a terrestrial-mass planet, a magnetic field may be important for determining its

habitability by protecting the planet from energetic particles.

The magnetically active planets of own solar system (Earth and the gas giants) provide

Figure 1. A schematic of the spectra and magnetic field configuration that produces the

powerful Jovian radio bursts at low frequencies.
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• Confusion limit is 25 Jy/beam at 74 MHz, but this limit is 
dominated by constant sources 

• Search strategies: 
+  Image differencing (good to 10% ⇒ 2.5 Jy limit) 
+ Polarization filtering (potentially much better; ~30 dB isolation) 

• Noise limits for 74 MHz frequency, 80 kHz bandwidth — 
    10 s integration:  2 Jy/beam 
     2 hr integration:  100 mJy/beam 

• Few comparable studies: 
LWDA prototype transient search (106 hr) 
had a noise level of 500 Jy/beam 

Lazio 
et al. 

(2010) 


