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The likelihood of tone spacing was derived from the concept that tones, expected to 
be due to noise, occur at frequencies uniformly distributed within a given interval of 
frequency. A first order differential equation results from the analysis of multiple 
trials having various tone spacings, resulting in an exponential solution to a 
probability density function. The cumulative probability is then obtained from an 
integral of the probability density function.

The calculation above is referred to as a likelihood, as the calculation is most 
commonly used in the observations, in this work, to calculate the probability of an 
event a posteriori.

The calculation above is an estimated likelihood due to noise, as RFI can affect the 
determination of an estimate of Δf50. Δf50 is estimated from an observation of tone 
spacings, expected to be due to Rayleigh IQ amplitude distributed noise, that exceed 
the 12.0 dB composite one second signal to noise ratio measurement. Composite 
SNR is implemented to reduce noise-caused false positives that exceed a lower 11.2 
dB threshold in a single 0.26 s interval of the time samples that are applied to the 
uniform windowed FFT. The 11.2 dB threshold and the 12.0 dB threshold must both 
be exceeded to record a pulse to the output file. The combination of the two SNR 
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thresholds has not been used in a stochastic process to rigorously derive Δf50 .       
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An unusual partner pulse was observed. A high composite SNR pulse was observed.
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It was surprising to observe that the 1590.7 Hz offset pulse partnered to the 
simultaneous pulse, is itself a triplet with a low predicted likelihood due to noise. The 
rank of the combined tone spacing was calculated at 1,652 of 216,711 combined 
triplet tone spacings.

This tones comprising the triplet, and the high cSNR pulse described in the previous 
slide are referred to as associated pulses, as the pulses appear to be associated with 
a simultaneous pulse.

If a transmitting entity is attempting to reduce the noise-likelihood of transmitted 
pulses measured at the receiver, then it seems natural that the transmitting entity 
will transmit low noise-likelihood pulses, at close to the same time and frequency as 
a simultaneous pulse.  
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One glaring very difficult problem is raised in the data and diagram in Anomalous associated 
pulses observed at Haswell August 15, 2018. 

It seems difficult to explain why the time-frequency window’s event, comprising four close-
frequency tone pairs, a calculated 5.3x10-10 noise-likelihood event, should be captured at 
Haswell within -140 s and +50 s of a simultaneous same FFT bin, 1.0 Hz offset frequency 
pulse, Doppler-corrected, observed in the same 0.26 s interval at Haswell and Green Bank. 
The Doppler-corrected one FFT bin overlap of a simultaneous Haswell and Green Bank pulse 
is expected to result from a source distance four times the Earth-Moon distance. If the 
signal's source is human RFI, it seems that the RFI source needs to be quite distant.

If the suspected RFI source transmits common signals to Green Bank and Haswell, then it 
would seem likely that some of the anomalous associated tones seen at Haswell should 
appear at Green Bank. However, none of the eight signals of the four two tone pairs 
exceeded the SNR threshold at Green Bank. There is a possibility that the suspected signal 
source has a design that results in one pulsed signal appearing at both sites, and many pulsed 
signals not appearing at both sites. This possibility leads to the idea that the transmitter uses 
an antenna with multiple beams in its pattern.   

The Haswell and Green Bank computers running the FFTs do not communicate with each 
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other, and are not connected to the Internet. Standalone computers, connected to the Green 
Bank Forty Foot Telescope and Haswell Sixty Foot Telescope, observe the same location in 
the sky, have local oscillators and have ADC trigger time synchronized by GPS satellites, yet 
the systems otherwise measure telescope signals separately. However, the system behavior 
appears to be unusually correlated between Green Bank and Haswell. To make the problem 
more inexplicable, in the same sky pointing direction, a simultaneous Green Bank&Haswell
pulse 0.2 Hz offset from each other, occurred the next day, shown in the plot of August 15 
and 16 pulses on the previous slide. The problem appearing in these slides, and other 
observed anomalies, lead to the hypothesis stated below in Conclusion from pre-hypothesis 
observations.
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At the time 58345.5379225, a triplet was captured at Haswell having three tones spaced by 
51,286 and 458 bins, from 1425.997654 to 1426.188709. These are raw data, not Doppler 
corrected frequencies. The noise likelihood of this and the other three close spaced tones is 
described on the previous slide. The driving interest in these two tones is that the tones’ 
capture time was within the pointing beamwidth of a simultaneous Green Bank Haswell pulse 
at a Doppler corrected Green Bank to Haswell measured frequency difference of 1.0 Hz.

Upon examining the Green Bank file, a close-tone-spaced triplet was found to occur at the 
same time, i.e. 58345.5379225. Statistical analysis indicates that the likelihood of seeing this 
Green Bank triplet in the presence of only noise is 9.3x 10-5 .

There was suspected RFI observed at Haswell at 1425.995947 MHz. No RFI was seen at Green 
Bank between 1435 and 1436 MHz. There is a possibility that the first tone in the Haswell
triplet, at 1425.997654 MHz, is due to the suspected RFI approximately 2 kHz lower in 
frequency. The other two tones in the Haswell triplet do not correlate with known or 
suspected RFI.

The existence of the two triplets further seem to correlate Haswell and Green Bank 
measurements,  countering attempts to falsify the working hypothesis.
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In the 0.25 s interval time of the 0.2 Hz offset simultaneous Green Bank and Haswell
pulse(s), a high rate of doublets and triplets were observed at Green Bank.
The median Δf in likelihood calculations was obtained from the frequency offsets 
thought to be due to noise. The average Δf during the four hour run was used in the 
plot above, after suspected RFI was excised. Almost all of the RFI that was excised in 
post-processing were suspected RFI tones close in frequency to a subset of harmonics 
of 1 MHz. The table above lists tones that are thought to comprise the doublets and 
triplets for which likelihood calculations have been performed.          
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In November 25-August 16 summary of simultaneous pulses, the post-processing results are 
summarized to post the apparent received signals that matched at Green Bank and Haswell. 
Three sky pointing directions each have a pair of simultaneous pulses, at 0.68, -1.04 and 1.62 
degree difference in pointing Right Ascension between the repetitions. Frequency offset 
ranges from -4.3 Hz to +2.7 Hz. The 1.62 degree RA pointing difference is significantly outside 
the approximate 1.0 degree antenna beamwdiths, and is not considered as significant as the 
other two repetitions of simultaneous pulses. 
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