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Abstract

We present a preliminary analysis of the potential for pulsar observations with
LWA-1. We estimate that of order 80 pulsars will be detectable in 1000s with 16MHz
bandwidth at a center sky frequency of 72MHz, with fewer pulsars detectable with
decreasingfrequency or bandwidth. We note that the chief di�cult y in our estimates
is the large uncertainty in the expected 
ux density at LWA frequenciescalculated
from 
ux densitiesand spectral indices measuredat sub-meter wavelengths.

1 In tro duction

The Long WavelengthArray (LWA) will have unprecedented sensitivity at frequenciesbelow
approximately 80MHz. Radiopulsarshavesteepradio spectraandarepotentially observable
with the LWA, but the emissionpropertiesof pulsarsat frequenciesbelow about 100MHz are
largely unknown. We have estimatedthe number of pulsarsthat will be observable with the
�rst phaseof the LWA, LWA-1, using standard phase-synchronouspulsefolding techniques.
Here,we describe out methodology and results.

2 Metho dology

We have simulated LWA-1 observations of pulsars in the ATNF Pulsar Catalogue4. We
calculated the expected rms 
ux density, � S, of each observation using a modi�ed form of
the radiometer equation (units are given in squarebrackets),

� S[Jy] =
Tsky[K]

sin� max G[K =Jy]

�
2� � [Hz] t int[s]

� 1=2

 
�

1 � �

! 1=2

; (1)

where� max is the pulsar elevation angleat transit, G is the telescope gain at the zenith, � �
is the observed bandwidth, t int is the integration time, Tsky is the sky temperature, and � is
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the e�ective fractional duty cycleof the pulsar signal. The signal-to-noiseratio (S/N) of the
observation is then simply the expectedpulsar 
ux density S divided by � S.

We now describe in more detail how someof theseterms were calculated.

2.1 Gain, G

The gain at zenith for an array of 256dipole antennasat a wavelength � is given by,

G[K =Jy] =
Ae

2k
�

10� 26

1:38� 10� 23

256 � � 2
[m]

2
; (2)

whereAe is the e�ective area,the fractional constant term relatesG in units of K/Jy to the
wavelength in metersand Boltzmann's constant k, and � = 0:13 is the aperture e�ciency of
a �= 2 dipole (Kraus, 1988,p. 45). Becauseof the spacingof the LWA antennas,the e�ective
areasaturatesat a frequencyof 37.5MHz (� = 8m), giving a maximum gain of 0.77K Jy� 1.
Mutual coupling is not well understood and was not consideredin our calculations. LWA
antenna stands receive two orthogonal polarizations, giving rise to the factor of 2� 1=2 in
Equation (1).

2.2 Sky Temp erature, Tsky

The sky temperature Tsky at the position of each pulsar was extrapolated from the Haslam
et al. (1982) 408MHz sky survey to the relevant observation frequencyassuminga spectral
index of � 2:6. Note that there may be signi�cant sky temperature variation within the
LWA-1 synthesizedbeam;this was not taken into account in our simulation.

2.3 E�ectiv e Dut y Cycle, �

The observed light curve or pulse pro�le of a radio pulsar di�ers from the intrinsic pulse
pro�le due to propagation e�ects and instrumental artifacts. � is simply the e�ective pulse
width divided by the pulse period. The e�ective pulse width is the quadrature sum of the
following terms:

2.3.1 In trinsic Pulse Width

The intrinsic width of each pulsar's pro�le was calculated basedon the W50 parameter in
the ATNF catalog. W50 is the width of the pro�le at 50% of its peak value. Because
thesevaluesare derived from observations at sub-meterwavelengthsand pulse duty cycles
typically increasewith decreasingfrequency, we have taken twice the W50 value to be the
intrinsic pulsewidth at the frequenciesof interest.

2.3.2 Sampling In terv al

This is simply the time interval betweensamplesin the data acquisition system,taken to be
1ms in this simulation.
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2.3.3 Scattering Time, � s

The interstellar scattering timescalefor an observingfrequencyof 1GHz was obtained for
each pulsar's position and dispersion measure(DM ) from the NE2001 Galactic electron
density model (Cordes & Lazio, 2002). The scattering time was scaledto the observing
frequency� by � s = � s; 1 GHz (� =1GHz)� 4:4.

2.3.4 Disp ersion Smearing Time, � D M

The interstellar medium dispersesthe pulsar signal, with higher frequenciesarriving at the
antennas before lower frequencies.Assuming an incoherent or post-detection dedispersion
data acquisition system,the full bandwidth of the telescope is broken up into many channels
to mitigate the e�ects of dispersion. The remainingdispersive smearingwithin an individual
channel of bandwidth � � ch is approximated by,

� D M [s] �
8300DM [cm� 3 pc] � � ch[MHz]

� 3
[MHz]

; (3)

where values of the sky frequency � and the channel bandwidth � � ch in MHz and the
dispersionmeasureDM in units of cm� 3 pc give � D M in seconds.This approximation holds
for � � ch << � .

2.3.5 In verse Frequency Resolution

The maximum 
uctuation frequencythat canbemeasuredin a channelof �nite bandwidth is
the inverseof that bandwidth. The optimum channelbandwidth waschosenfor each pulsar's
DM and each observing frequencyto optimize the competing e�ects of inversefrequency
resolution and dispersionsmearing,with a minimum channel bandwidth of 100Hz.

2.4 Flux Densit y, S

Estimating the 
ux density of pulsarsat low frequenciesis the most uncertain part of this
simulation, as few measurements exist in the literature. Of the 1627pulsars in our all-sky
simulation sample,only 66 have 
ux density measurements at or below 102.5MHz. Pulsars
are known as steepspectrum objects, but the 
ux density typically peaksaround 100MHz
and decreasestoward lower frequencies. The 
ux density of each pulsar was estimated as
follows:

If a low frequency 
ux density measurement existed in the literature, we extrapolated
from that measurement to the frequencyof interest usinga spectral index of 1.4. If multiple
measurements existedfor a given pulsar, we preferentially usedthe measurements of Cohen
et al. (2007) from the VLA Low-FrequencySky Survey (VLSS) at 74MHz (13 pulsars). If
no VLSS measurement existed for a pulsar, we used the measurements of Izvekova et al.
(1981) in the following order of preference:85MHz (20 pulsars), 61MHz (2 pulsars), and
102.5MHz (31 pulsars).

If no low frequencymeasurements existed in the literature for a given pulsar, we extrapo-
lated the 
ux density at 100MHz from the 400MHz 
ux density in the ATNF catalogusing
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the measuredspectral index if available or � 1:6 otherwise. The 
ux density at the LWA-1
observingfrequencywas then extrapolated from 100MHz with a spectral index of 1.4.

Figure 1 shows the di�erence betweenlow-frequency
ux density valuesextrapolated from
400MHz and actual low-frequencymeasurements. This ratio covers two orders of magni-
tude for pulsars with 
ux density measurements from the VLSS, and about four orders of
magnitude for other pulsars. Clearly, 
ux density extrapolations for individual pulsarsare
extremely uncertain. It is hoped that, despite this de�ciency in our method, we can draw
conclusionsthat are valid in a statistical sensefrom our large simulation sample.

Figure 1 Ratio of predicted to measuredlow-frequency 
ux density versuspulse period.
Triangles represent pulsars with VLSS 
ux densities from Cohen et al. (2007), circles are
pulsarswhich only appear in the work of Izvekova et al. (1981). The predicted 
ux density
was extrapolated from the ATNF catalog value at 400MHz to the frequency of the low-
frequencymeasurement using the method described.

3 Results

Our simulations indicate that a signi�cant number of pulsarswill be detectablewith
LWA-1. Our sampleincludes574pulsarswhich are in the part of the sky visible to LWA-1
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Table 1. Pulsarsdetectablein 1000s with LWA-1

Center Frequency Bandwidth Pulsars with Pulsars with Pulsars with
(MHz) (MHz) S/N � 3 S/N � 5 S/N � 10

72 16 81 57 30
76 8 70 44 27
50 8 29 23 18
24 8 1 1 0

and for which all data necessaryfor our simulation are available; we estimate that 81 of
these are detectable in a relatively short integration time. Table 1 shows the number of
pulsars predicted to be detectable in a 1000s integration with LWA-1 in several observing
con�gurations at 3-, 5-, and 10-� signi�cance. As expected,pulsarsaremost easilydetectable
at the upper endof the LWA band; below the � 100MHz peakof pulsar spectra, all relevant
parametersbecomelessfavorable to detection as onemovesto lower frequency.

Figure 2 shows the 81 pulsars detectedat 72MHz with 16MHz bandwidth. While most
of the detectionsare long period pulsars, several pulsars with periods shorter than 100ms
are detectable. Figure 3 shows the optimum frequencyresolution for each of thesedetected
pulsars. We note that, although we allowed a minimum channel bandwidth of only 0.1kHz,
no detectedpulsar had an optimum channel bandwidth lessthan 0.5kHz.

4 Conclusions

Our simulations show that several tens of pulsars should be detectable with LWA-1 even
with modest integration times. With longer integration times, higher S/N detectionswill
allow novel studiesof pulsarsat low frequencies.

While this simulation is encouragingand potentially useful in a statistical sense,it is clear
that our abilit y to estimate pulsar 
ux densitiesat LWA-1 frequenciesis currently limited.
As this is the only part of the simulation that is not fairly robust, any improvement in this
area would lead to a dramatic improvement in the certainty of predictions such as those
presented here.

Conversely, it may not be possibleto improve our understandingof low-frequencypulsar
spectra without more observational data. The LWA will play an important role here, pro-
viding a window on pulsarsat low frequenciesthat have largely beenoverlooked in the past
and expandingour understandingof theseenigmatic objects.

References

Cohen,A. S., Lane, W. M., Cotton, W. D., Kassim, N. E., Lazio, T. J. W., Perley, R. A.,
Condon,J. J., & Erickson, W. C. 2007,AJ, 134,1245

Cordes,J. M., & Lazio, T. J. W. 2002,astro-ph/0207156

Haslam,C. G. T., Sto�el, H., Salter, C. J., & Wilson, W. E. 1982,A&AS, 47, 1

5



Figure 2 Simulated pulsar detectionsin 
ux density and pulseperiod. 74MHz 
ux density
is plotted versuspulseperiod for the sampleof 574pulsarsavailable to LWA-1. Open circles
represent pulsarsnot detectedin our simulation, while �lled circlesare detectionsof at least
3� in 1000s at 72MHz with 16MHz of bandwidth. Filled points with greendots would not
have beendetectedat 76MHz with 8MHz bandwidth. Redpoints arepulsarswith published
low-frequency
ux density measurements, while blue points are pulsarswhose74MHz 
ux
hasbeenextrapolated from measurements at 400MHz.
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Figure 3 Optimum frequencyresolution asa function of DM at three frequenciesspanning
the LWA-1 frequencyrange. Points represent pulsarsdetectedin the simulation with 8MHz
bandwidth at three di�erent center frequencies.Red points are pulsarswith published low-
frequency
ux density measurements, while blue points are pulsarswhoselow-frequency
ux
density hasbeenextrapolated from measurements at 400MHz.
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