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1 Introduction

The Long Wavelength Array (LWA) will optimally operate at frequencies between 10-88 MHz. With
53 planned stations spread across the state of New Mexico, the Radio Frequency Interference (RFI)
environment will vary depending on factors such as direct line of sight to radio transmitting towers and
the proximity to congested areas. Man made RF signals are potentially harmful to observations, both in
blocking spectral areas as well as causing non-linear elects in the electronics of the LWA system.

In debning harmful interference levels, we separate between i) signals that alect the characteristics of
the analog electronics, and ii) signals that will alect the sensitivity of astronomical observations. Harmful
signal levels for case i) will be determined by linearity tests of the bnal electronics design. These signal
levels may be much higher than those debned in ii), since the presence of a few strong, narrowbanded
signals do not necessarily debne a site as useless. If the electronics still operate in the linear regime
and a large fraction of the LWA bandwidth is clear of RFI, a more or less full astronomical observing
capacity can still be acheived. Case ii) concerns low-level RFI that is present over a larger fraction of
the bandwidth, which will delimit the observing capabilities. In this memo we provide an estimate of
the detrimental interference levels of weak RFI signals. These limits can be used to judge whether a
candidate site is suitable as an LWA station, and will also debne the allowed emissions levels of LWA
electronics. The elects of strong RFI signals are not included in this memo.

We point out that the levels debPned here should be used within the LWA project. Limits on external
transmitters however, are only required to follow the limits speciped in RA.769-2 within allocated radio
astronomy bands (Sect. 6). These limits are somewhat less stringent than the ones presented in this
memo, since they do not specibcally consider typical LWA observing parameters.

2 Debning the harmful signal level

In radio astronomy it is standard practice to debne an interfering signal to be harmful to observations if
it exceeds the rms noise level by more than 10% (Thompson, Moran & Swenson 1998). In other words,
a non-detrimental interfering signal must have a signal to noise ratio SNR 0.1. Here we outline how to
estimate acceptable emission levels (for more details, see Perley 2002).

We assume that Frr (v) [Wm' 2] is the power Rux density of the interfering signal incident at the
antenna, and Fy (v) [Wm' 2] is the minimum detectable power Bux density. Then, the SNR can be written
as:
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where Tgys(v) is the system temperature in K, v is the frequency in Hz, " v is the bandwidth in
Hz, " t is the integration time in s and G, is the receiving antenna gain. Fgg (v) is the allowed power
Bux density within the channel bandwidth " v. For a noise limited system, Eq. 1 can be used for any
observing frequency, integration time and frequency resolution.

3 LWA specibc parameter values

The value of Frr (v) depends on the parameterslyys(v), G, " v, and " ¢ (Eqg. 1) . Here we discuss the
LWA specibc values of these parameters.

3.1 System temperature

The system temperature Tgs(v) is a combination of external noise (cosmic, atmospheric and earth-
generated noise) and internal noise (noise generated in the active parts of the antenna, and in the
receiver). Except for night time atmospheric noise at the lowest frequencies around 18 20 MHz, and
excluding man made interference signals, the system temperature between #088 MHz is dominated by
the cosmic noise. The most important contribution to the cosmic noise is the Galactic background radio
emission. Cane (1979) measured this emission at frequencies betwee@ % 23 MHz and also combined
these results with data for frequencies up to 100 MHz. From these measurements the following expression
for the sky brightness can be derived (e.g. Cane 1979; Duric et al. 2003; Ellingson 2005):
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where vy is the frequency in MHz, 7(v) = 514,%* is the optical depth, and Iy = 2.48$ 10 % and
Ieg = 1.06$ 10 2° belongs to the Galactic and extra-galactic contributions respectively. This is the
sky brightness measeured in the direction of the Galactic poles, and at other positions on the sky there
will be additional noise contributions from primarily the Galactic plane. With the large beld-of-view of
individual dipoles, these variations are however assumed to be small. In the Rayleigh-Jeans part of the
spectrum, the sky temperature can then be derived from:
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As already mentioned, in the standard LWA observing band 10# 88 MHz the system temperature

will be dominated by the sky temperature. However, the LWA electronics may be susceptible to signals
outside the observing band, which could cause additional noise in the observing band via third order
intermodulation products. In RFI site surveys we should therefore scan the spectrum at frequencies up
to 1 GHz. At frequencies above 100 MHz the sky temperature falls o!, and in estimating the system
temperature we have to take into account the contributions from the antenna and brst gain stage/ 3y , the
cable, T.ane ,» and the analog receiver temperatureélarx . These values are calculated in LWA Engineering
Memo ARX0003 (Craig 2008), and are listed in Table 3.1. Note that Craig (2008) givesIarx for two
cases, one maximum and one minimum gain version respectively. Here we are using the values for the
maximum gain. The total noise contribution from the cascaded system is calculated according to:
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In Figure 1 we plot Ty, (dotted blue line), the noise temperature due to all system components
excluding the sky (dashed red line), and the total Ty for frequencies ¥ 1000 MHz.



Component | Gain | Noise Figure | Noise temperature
dB dB K
Antenna 35 2.7 Tane = 250
Cable 115 15.0 Teave = 8881
ARX 62.4 3.8 Tarx = 406

Table 1: LWA analog signal chain component characteristics.
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Figure 1: The LWA dipole system temperature brightness at frequencies 1! 100 MHz (left) and 100! 1000 MHz
(right). The solid blue line is the total system temperature, the dashed blue line is the contribution from the sky

(Tsky ) and the black solid line is the combined contribution from antenna, cable and receiver ( Tantcable ,ix ). At
the lower frequencies the system is sky noise dominated.

3.2 Spectral resolution and integration time

The maximum allowed emissions levels depends on the bandwidth considered as well as the total integra-

tion time. The LWA spectral resolution is debned to be!

100 Hz (Clarke, Kassim & Ellingson, 2007),

required for Radio Recombination Line (RRL) work. 100 Hz corresponds to 0.37 and 1.5 km's for 80
and 20 MHz respectively (typical velocity resolutions for spectral line observations are around 1 km's'
or less). Thus, 100 Hz seems to be a good approximation and will therefore be used as the value for "
in the following calculations. A typical observation may go on for about 8 hours, debning the integration

time " t.

3.3 Antenna gain

We use a 0 dB gain (G, = 1), assuming that the interfering signal will enter via a sidelobe rather than
via the mainlobe. The true value of this gain factor is not known, and the level of the interfering signal
is further likely to change when the signal moves around in the sidelobe patterns. Therefore, a 0 dB gain
appears to be a reasonable, conservative estimate.



4 Detrimental interference levels at an LWA site: 1-100 MHz

An RFI signal incident on an array of dipoles located within a diameter of 100 m is likely to alect
most dipoles similarly and we therefore debne the harmful level threshold based on the elect on a single
dipole. Equation 1 is used to calculate the maximum acceptable emissions levelgg . Figure 2 shows the

calculated power RBux density Frr at any LWA station, using a bandwidth of 100 Hz and an integration
time of 8 hours.

1214 T T T T T T

1215

1216

1217

12
Frp [dBWM?]

1218

1219

|220 | | | | |
10 20 30 40 50 60 70 80 90 100
Frequency [MHz]

Figure 2: Detrimental interference levels at a single LWA site for frequencies up to 100 MHz in a 100 Hz
bandwidth.

Note that these are the emission levels incident at the receiving antenna, thus space loss will be a
helpful shielding factor. To calculate the total power that is acceptablée to be transmitted by a transmitter
at a distance d (measured in km), correct for the space loss according to:

d
Prer gist = Fre +71+ 20|09(m) [dBW] (%)

5 Possible elects from out-of-band signals

For completeness, we also discuss the possibility of out-of-band signals alecting the LWA station observing
capabilities. Normally weak RFI that is harmful to astronomical observations arise in-band, however it
can be of interest to consider the RFI environment also outside the observing band. In particular we are

1Acceptable by LWA standards, in practice external transmitters obly have to follow the limits stipulated in RA.769-2,
see Sect. 6
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Figure 3: Lower limits to detrimental levels of out-of-band RFI signals at any individual LWA station in
a 100 Hz bandwidth for frequencies 100-1000 MHz.

interested in scoping the presence of out-of-band signals causing third order intermodulation products
(IMP) within the LWA band. The detrimental levels of out-of-band signals causing IMP will be higher
than those calculated directly from Eqg. 1, since the IMPs will have a lower amplitude in-band. The exact
amplitude relation is hard to calculate and depends on the amplitude of the input signals, but we know
that the LWA out-of-band rejection provided is >40 dB. Thus, to estimate a lower limit to out-of-band
detrimental levels we add 40 dB to the levels calculated using 1. These levels are plotted in Fig. 3.

We point out that these limits only are applicable for signals that might cause in-band IMPs. The
presence of most signals in the 100-1000 MHz band will most likely not alect the LWA observations.
As an example, a 0.2 W cell phone signal at 850 MHz (30 kHz bandwidth) transmitted at a distance of
500 m would cause a signal level of -97dBWh? incident at the LWA station. Even though this signal is
about 70 dB above the levels plotted in Fig. 3, the high frequency is unlikely to cause third order IMPs
and will therefore not alect LWA observations.

6 ITU levels

The International Telecommunications Union (ITU) has determined harmful threshold limits for the spec-
tral power RBux density in the frequency bands allocated to radio astronomy, listed in Recommendation
ITU-R RA.769-2. These levels would correspond to the start of data loss for radio astronomical observa-
tions, debned to when detrimental interference contributes 10% additional noise to the system. The ITU
levels are thus globally adopted upper limits for protecting operations at current radio telescopes, but
they are not tailored to specibc routine observations at radio telescopes such as for instance the VLA or
the LWA.

The ITU debned threshold levels for radio astronomy spectral line observations given in ITU-R
RA.769-2 do not list frequencies below 327 MHz explicitly. However, using the system temperatures
debned for continuum observations (Table 1, ITU-R RA.769-2) and the ITU debned spectral resolution
of 3 km/s and an integration time of 2000 sec, the ITU threshold levels for three frequencies in the LWA
band are listed in Table 6. These levels are slightly higher that the levels given in Fig. 2, due to the



dilerent bandwidth and integration time used.

Frequency | Tsys Bandwidth | Power RBux density
MHz K kHz dBWm ~2
13.385 50,000 0.1 -212
25.610 15,000 0.25 -214
73.8 750 0.75 -213

Table 2: ITU dePned threshold levels of interference detrimental to spectral line observations.
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