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ABSTRACT

In  this  study,  the  results  of  the  application  of  the  search  technique  for  SETI  signals  or
extraterrestrial technical signatures known as “Doppler Drift” are collected on the radio data files
obtained  by  the  Green  Bank  Radio  Telescope  when  observing  the  star  HIP 45383  and  made
available to the general public through the Breakthrough Listen initiative. The content of these files
will be displayed in waterfall graphs using Python programming and specialized libraries such as
blimpy developed specifically for the analysis of Breakthrough Listen files.
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INTRODUCTION

As an amateur  astronomer and lover  of  radio  astronomy,  I  am always in  search  of  new
challenges, such as the one proposed by the Max Planck Institute in 2016 (you can still find me on
the  official  list  of  crackers  in  position  62
http://www2.mps.mpg.de/homes/heller/downloads/files/SETI_crackers.txt).  On  this  occasion  my
motivation goes further and I have undertaken a personal project to search for SETI signals. This
will be the first report of many, I hope.

With all this knowledge obtained over long decades, it was necessary to establish a well-
defined  study  objective.  After  much  thought  I  decided  to  focus  on  orange  dwarf  stars.  I  am
personally convinced that we will find the first technosignature in a K-type star. For several reasons.
It seems logical to focus on M-type red dwarfs: they are almost eternal, which gives a lot of room
for intelligent civilizations to develop, it is what is most abundant, 70% to 80% of all the stars in
our galaxy are M-type, with a long list of confirmed exoplanets... Yes, it seems logical but in my
opinion they have their characteristics as a star and its planetary system against them: too close to
the star, too much radiation, tidal effects... I find it difficult to believe that develop intelligent life
easily...  It also seems logical to look for yellow dwarfs like ours:  Although they are much less
abundant and not as long-lived, we have proof that it is possible and the habitable zone is far from
the star, avoiding all the problems of the red ones. But compared to the red ones, their number is
much smaller and their half-life is not as high, at least in comparison. The red ones have been
explored a lot because they have confirmed planets and large systems like Trapisst, but that can also
be a bias in our detection systems: the transit  system favors the red ones and it  is  much more
difficult to use it on orange or yellow ones due to the great distance of their orbits and the radial one
works best with the Jovian planets...
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Thus we come to the conclusion that we must focus on the search for technosignatures in
stars of spectral type K: they are very long-lived, 15 to 30 billion years, more than enough time to
develop intelligent civilizations, with habitable orbits around 200 days, sufficiently far from their
star and there are also three times as many orange dwarfs as yellow dwarfs...

So my research focused on K-type stars, from 50 light years away, starting with the star HD
21197, until I found an interesting one that presents possible evidence of technosignatures: the star
HD  79555,  with  the  number  45383  in  the  Hipparcos  catalog,  the  latter  catalog  used  in  the
Breakthrough Listen initiative so I will always refer to it as HIP 45383. It is an orange star that is 58
light years away from the sun https://www.stellarcatalog.com/estrellas/hd-79555, with spectral class
K4V and a surface temperature of 4803ºK. It presents an exoplanet known as HD 79555 (AB)b that
orbits its star at a distance of 11793.7600 AU https://exoplanet.eu/catalog/hd_79555_ab_b--9621/ 

METHODOLOGY

As I have already mentioned previously, in order to carry out this research I used the radio
recording  file  search  engine  from  the  Breakthrough  Listen  open  data  archive
https://breakthroughinitiatives.org/opendatasearch 

Its use is quite simple. Simply type the name of the desired stellar object and it will return a
list of available files.

In this case, the Breakthrough Listen database returns us a list with 18 files, all in HDF5
format.  These  files  are  divided  into  three  groups,  High  Spectral Resolution  files  (frequency
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resolution ~3 Hz, sample time ~18 seconds), High Time Resolution (frequency resolution ~366
kHz, sample time ~349 microseconds) and Medium Resolution (~3 kHz frequency resolution, ~1
second sample time). These are the results of data acquisition by the Green Bank Telescope dish.
For  a  more  detailed  explanation  of  this  process,  you  can  consult  the  following
document:https://arxiv.org/pdf/1906.07391 

As  described  in  the  excellent  UC  Berkeley  GitHub  guide  “How  to  find  ET”
https://github.com/UCBerkeleySETI/breakthrough/blob/master/GBT/README.md in  point  2,
“The source is narrow band but drifts in frequency” and in its section “Doppler drift search” I have
been able to implement this technique and obtain a multitude of signals with Doppler drift and
which I will methodically collect in the “Results” section.

In order to begin analyzing the data files of the star HIP 45383 we need to install a Python
work environment on our computer. I would recommend installing the Anaconda environment, with
the Jupiter environment and Jupiter Lab. For a more detailed guide to this process you can consult
page  number  5  of  the  Breakthrough  Listen  at  UC  Berkeley  website,
http://seti.berkeley.edu/listen/data.html,  with  many  links  to  tutorials.  By installing  Anaconda,  at
least in my updated version, the necessary libraries for this project are already pre-installed: numPy,
Matplotlib,  AstroPy,  etc.  and it  will  only be necessary  to  install  the  specialized  blimpy library
https://github.com/UCBerkeleySETI/blimpy.

Once all the previous steps have been completed, we are ready to start analyzing the HDF5
files. However, I strongly recommend before facing this task that we spend some time “training.”
This training will consist of both becoming familiar  with the new Python tools and learning to
recognize SETI signals, differentiating them from RFI (Radio Frequency Interference).  For this
training we have, again, the magnificent tutorials from UC Berkeley. I recommend starting with the
basics,  with  the  tutorial  “Introduction  to  working  with  Filterbank  files”
https://github.com/UCBerkeleySETI/breakthrough/blob/master/GBT/filterbank_tutorial/Filterbank
%20Tutorial%20(public).ipynb, where we will be shown the basic techniques for analyzing data
files using the HIP 35136 star, learning how to create waterfall graphs and power spectrum graphs.

After this tutorial you can continue with the tutorial “Breakthrough Listen: Observations of
Voyager 1”https://github.com/UCBerkeleySETI/blimpy/blob/master/examples/voyager.ipynb     inside
which the signal captured by the GBT of the Voyager 1 probe will be used to simulate what a SETI
signal with Doppler drift could be like.
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From here, if you feel confident, you can move on to analyzing the HIP 45383 data files or
continue studying more tutorials available on the UC Berkeley GitHub website.

The methodology that I followed to analyze the data files consisted of a series of steps that I
describe below:

1. I  generate  a  general  waterfall  plot  of a  scan number,  for example,  13,  using a  medium
spectral/temporal resolution (MR) file, 0002. I do this as a matter of reducing processing and
rendering wait time, since the resolution and size of the file to be processed is about ten
times  smaller  than  HSR files.  My  goal  is  to  get  an  idea  of  whether  it  might  contain
something interesting or not and verify the integrity of the file.

To do this I use the following combination of Python commands:
obs = 
Waterfall('spliced_blc0001020304050607_guppi_57642_58629_Hip45383_0013.gpuspec.0
002.h5')
obs.info()
print(obs.header)
print(obs.data.shape)
plt.figure(figsize=(25,6))
obs.plot_waterfall()

2. I go through the file sequentially, generating partial waterfall graphs in the search for signals
with Doppler drift. At first it generated graphics in 100 MHz steps. I didn't find anything so I
decided to give it a second chance, jumping from 50 to 50 MHz. And there the signals with
Doppler drift began to appear. To do this to the Python code from point 1 you have to add a
couple of parameters to the expression:
obs = Waterfall(file_path, f_start=1350, f_stop=1400)



3. Once  the  supposed  signals  with  Doppler  drift  have  been  located,  we  proceed  to  make
extensions to the frequencies where they appear:
obs = Waterfall(file_path, f_start=1371, f_stop=1385)

obs = Waterfall(file_path, f_start=1376.6, f_stop=1377.1)

4. We verify using the higher resolution HSR 0000 file:



5. We now use a power spectrum graph to obtain more signal data (in this case signals). The
Python code is the same as point 1 and 2 except for the last line, which would be:
obs.plot_spectrum(logged=True, t=225)

Pay attention to the t parameter! Remember the tutorials: they indicate the integration that
they are going to show us, if we choose 0 or 50 it will not show us anything other than the
peak of an RFI and it would seem that our signals are not there...

6. From here comes the hardest work: calculating the frequencies of the signals, their Doppler
drift,  finding a possible  RFI origin,  although it  is  assumed that  all  RFI on planet  Earth
should not have Doppler drift; perhaps it comes from one of our space probes; errors in the
capture of radio waves by the radio telescope; in registration in storage systems, etc...

RESULTS

Many radio signals with Doppler drift have been found. I will proceed to list and describe
those you consider most interesting or promising. Of course these signs are among those that I have
found but there could be many more that I have not been able to detect.

The nomenclature what I have implemented tries to make the task of locating its more or
less exact location within the file much easier.

SG_StarName_NumScan_FileType_Frequency (Average)
Example: SG_HIP45383_0013_0002_1376MHz



Group of Signals in the frequency range 1375-1385 MHz
In this frequency range, two separate groups of signals with Doppler drift can be seen: One

around the frequency 1376  MHz and another at 1381  MHz. In order not to make this report too
long, I am going to synthesize each of the groups into a single signal and I will do the same for the
rest of the signal groups.

1. Signal SG_HIP45383_0013_0002_1376MHz
Here we have the waterfall graph of the area around the frequency 1376 MHz.

Of all the signals, it seemed clearest to me to use the signal that is between the frequencies
1376.75 and 1376.85 MHz:





Signal data SG_HIP45383_0013_0002_1376MHz:

 Date: 2016-09-11

 Time: 16:20:49

 Frequency (MHz): 1376.7785 to 1376.7900 (11.5 KHz)

 Duration (mm:ss): 01:12

 Drift Rate(Hz/sec): 159.72

Signal data in other scans:

Signal data SG_HIP45383_0011_0002_1376MHz: Does not appear in this scan.

 Date: 2016-09-11

 Time: 16:05:41

 Frequency (MHz):---------

 Duration (mm:ss): --------

 Drift Rate(Hz/sec): --------

Signal data SG_HIP45383_0009_0002_1376MHz: Does not appear in this scan.

 Date: 2016-09-11

 Time: 15:54:09

 Frequency (MHz):---------

 Duration (mm:ss): ---------

 Drift Rate(Hz/sec): ---------

2. Signal SG_HIP45383_0013_0002_1381MHz
Here we have the waterfall graph of the area around the frequency 1381 MHz.



Of all  the signals,  it  seemed clearest  to  me to use the signal  that  is  between frequencies
1381.80 and 1381.90MHz:



Signal data SG_HIP45383_0013_0002_1381MHz:

 Date: 2016-09-11

 Time: 16:20:49

 Frequency (MHz): 1381.8195 to 1381.8315 (12 KHz)

 Duration (mm:ss): 01:12

 Drift Rate(Hz/sec): 166.66



Signal data in other scans:

Signal data SG_HIP45383_0011_0002_1381MHz: Does not appear in this scan.

 Date: 2016-09-11

 Time: 16:05:41

 Frequency (MHz):---------

 Duration (mm:ss): --------

 Drift Rate(Hz/sec): --------

Signal data SG_HIP45383_0009_0002_1381MHz: Does not appear in this scan.

 Date: 2016-09-11

 Time: 15:54:09

 Frequency (MHz):---------

 Duration (mm:ss): ---------

 Drift Rate(Hz/sec):---------

Group of Signals in the frequency range 1615-1628 MHz
In this frequency range you can see a huge amount of signals with Doppler drift. So many that

it is impossible to study them in the context of this report.

I'm going to post waterfall plots of just a few of the frequencies as a sample, but each group
has notable differences in size, duration, and Doppler drift.

Group of signals around the 1615 MHz frequency:



Group of signals around the 1616 MHz frequency:

Group of signals around the 1618 MHz frequency:



Group of signals around the 1619 MHz frequency:

Group of signals around the 1622 MHz frequency:

Group of signals around the frequency 1626 MHz and on which I am going to base myself to
study one of the signals:



3. Signal SG_HIP45383_0013_0002_1  626  MHz  
Due to its particular characteristics, I have decided to keep the first signal of the group of

signals at the 1626 MHz frequency, which is between the frequencies1626 and 1626.20 MHz:



Signal data SG_HIP45383_0013_0002_1626MHz:

 Date: 2016-09-11

 Time: 16:17:09

 Frequency (MHz): From 1626.0997 to 1626.0756 (-24.1 KHz)

 Duration (mm:ss): 05:00

 Drift Rate(Hz/sec): -80.33



Signal data in other scans:

Signal data SG_HIP45383_0011_0002_1  626  MHz  :

 Date: 2016-09-11

 Time: 16:05:41

 Frequency (MHz): From 1626.1150 to 1626.0780 (-37 KHz)

 Duration (mm:ss): 05:00

 Drift Rate(Hz/sec): -123.33



Signal data SG_HIP45383_0009_0002_1  626  MHz  :

 Date: 2016-09-11

 Time: 15:54:09

 Frequency (MHz): From 1626.0888 to 1626.0725 (-16.3 KHz)

 Duration (mm:ss): 03:07

 Drift Rate(Hz/sec): -87.17



4. Signal SG_HIP45383_0013_0002_1  699  MHz  
Here we have the waterfall graph of the area around frequency 1699MHz.





Signal data SG_HIP45383_0013_0002_1  699  MHz  :

 Date: 2016-09-11

 Time: 16:17:09

 Frequency (MHz): From 1699.5025 to 1699.4235 (-79 KHz)

 Duration (mm:ss): 05:00

 Drift Rate(Hz/sec): -263.33

Signal data in other scans:

Signal data SG_HIP45383_0011_0002_1  699  MHz  :

 Date: 2016-09-11

 Time: 16:05:41

 Frequency (MHz): From 1699.5825 to 1699.5360 (-46.5 KHz)

 Duration (mm:ss): 05:00

 Drift Rate(Hz/sec): -155



Signal data SG_HIP45383_0009_0002_1  699  MHz  :

 Date: 2016-09-11

 Time: 15:54:09

 Frequency (MHz): From 1699.7160 to 1699.6536 (-62.4 KHz)

 Duration (mm:ss): 05:00

 Drift Rate(Hz/sec): -208



5. Signal SG_HIP45383_00  23  _0002_  2218  MHz  
Here we have the waterfall graph of the area around the frequency2218 MHz.





Signal data SG_HIP45383_00  2  3_0002_2218MHz  :

 Date: 2016-10-04

 Time: 15:46:58

 Frequency (MHz): From 2218.585 to 2218.520 (-65 KHz)

 Duration (mm:ss): 05:00

 Drift Rate(Hz/sec): -216.66



6. Signal SG_HIP45383_00  25  _0002_  2486  MHz  
Here we have the waterfall graph of the area around the frequency2468 MHz.



Signal data SG_HIP45383_0025_0002_2486MHz:

 Date: 2016-10-04

 Time: 15:58:49

 Frequency (MHz): From 2489.70 to 2485.10 (-4,600 KHz)

 Duration (mm:ss): 00:20

 Drift Rate(Hz/sec): -230000



DISCUSSION

Within the types  of signals with Doppler drift  found in this  study, two groups should be
highlighted: isolated signals and groups of signals.

The groups of signals are  most  intriguing,  such as the one found in the frequency range
between 1615 and 1628 MHz. What does it mean? If we take into account that a priori Doppler drift
signals are not RFI (Radio Frequency Interference), what could they be? Errors in the instruments
for recording and/or recording RFI signals that cause this apparent drift? Satellite fleets in orbit like
those of Starlink? And if we let ourselves be carried away by our imagination, radioelectric leak
from an extraterrestrial civilization? This is how a radio band used by aliens would appear, like our
FM or VHF... All possibilities are left open...

However, I believe that the greatest probability of the origin of these signals is that of a fleet
of satellites like those of Starlink because the frequencies around 1600 to 1700 MHz in the radio
spectrum are used mainly for satellite communications and global navigation systems, such as GPS
(Global Positioning System).

Of  the  other  individual  signals,  the  most  interesting  is  number  4,
SG_HIP45383_0013_0002_1699MHz. Is it a satellite? Or rather in this case is it possible that we
are capturing the signal from one of our probes in deep space? Or also an emission from a planet in
the star HIP 45383 or a spacecraft on course towards Earth... Analyzing the spectrum of the signal
we see that it  does not have the carrier  and the two side bands that carry the data of the vast
majority of probes from deep space but we are still in the band used by GPS satellites so in all
likelihood it is the latter.

Signal  number  5,  Signal  SG_HIP45383_0023_0002_2218MHz,  is  perhaps  the  easiest  to
identify as human-made. First because it is located at the frequencies at which deep space probes
usually work. These probes operate primarily in the S-band (approximately 2.3 GHz) for scientific
data transmission and in the X-band (around 8.4 GHz) for data transmission toward Earth. They are
the bands used by the Voyager 1 and 2 and Pioneer 10 and 11 probes. And because in the spectrum
analysis graph the carrier signal and the signals of the two side bands are clearly seen. And we find
exactly the same pattern with signals at the frequencies of 2230 MHz and 2253 MHz that I have not
included in this report so as not to extend it unnecessarily.

And we come to the strangest signal detected in this  report,  number 6.  Indeed the signal
SG_HIP45383_0025_0002_2486MHz presents  a  very  strange behavior,  with  a  brutal  drift  of  -
230000 Hz/s, with a very short duration and that does not appear in the other scanners, 21 and 23.
There has always been speculation about what SETI signals might look like, which should, perhaps,
be very strange, but having not detected any so far, at least officially, we cannot compare it. So for
now we will put it in the disaster box of “candidate signals”.



CONCLUSIONS

I  have been able to  get  this  far.  Without  more files  available  in  the Breakthrough Listen
initiative to continue analyzing them and without having access to any radio telescope due to my
status as an amateur astronomer, there is little else I can do. If more files from the star HIP 45383
were dumped in the near future, I could compare and try to find, or not, SETI candidate signals.
From here I invite any fan to use all these tools to continue analyzing other stars in the hope of
finding the long-awaited answer to the big question: Are we alone in the Universe?
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