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Abstract

Millisecond Pulsars (MSPs) are likely to be or to become a timing, navigation, and metadata communication standard across
the galaxy. Regarding timing, they provide a parallel clock to terrestrial ones, are based on macroscopic neutron stars behavior
instead of quantum processes, and they will remain ticking longer than any clock we can construct on Earth. Regarding
navigation, X-ray MSPs provide all the necessary ingredients for a Pulsar Positioning System that has many similarities with
GPS. In astronautics, X-ray pulsar-based navigation (XNAV) uses a time-of-arrival navigation method comparable to GPS,
accurate down to about 100 meters. Regarding metadata communication, MSPs would be a natural metadata coding choice for
any galactic communication effort. On Earth, any letter or email contains metadata information about where it comes from,
where it goes, and when it was written. We can expect that similar conventions exist for any potential galactic communication.
Most messages are likely to be galacto-tagged and pulsar-time-stamped by reference to MSPs. This simple remark opens a
simplified SETI search. Given any suspicious message we want to decode, the first step becomes to attempt to decode not the
message itself, but its metadata (Vidal 2017). GPS is a technological breakthrough that enables many others: one needs only to
think about all the location-based services (LBS) that it has unlocked in our modern societies. The realm of potential galactic
LBS is an area totally unexplored, and may well be a key to find technosignatures of many kinds. Is GPS a technology? The
answer is an obvious yes. Now imagine that we would find around an exoplanet’s orbit well-distributed timekeeping devices
with an accuracy comparable with atomic clocks, beaming timing information that can be used as a positioning system, just like
GPS. Would not we be compelled to check if it is a technosignature? This is exactly the current situation with MSPs, but on a
galactic scale. This is why I have proposed ways to test whether the pulsar positioning system is actually an instance of galactic
engineering (Vidal 2019). Seeking such a galactic technosignature proof is actually searching for a distributed signal, instead
of searching for a localized signal around one particular star or planet. If the search program succeeds, it would lead to the
discovery of extraterrestrial intelligence, through their engineered timing and navigation system. References: Vidal, C. 2017.
“Millisecond Pulsars as Standards: Timing, Positioning and Communication.” Proceedings of the International Astronomical
Union 13 (S337): 418-19. doi:10.1017/S1743921317008596. https://arxiv.org/abs/1711.06036. (where this poster was first
presented) Vidal, C. 2019. “Pulsar Positioning System: A Quest for Evidence of Extraterrestrial Engineering.” International
Journal of Astrobiology 18 (3): 213-34. doi:10.1017/S147355041700043X. https://arxiv.org/abs/1704.03316.
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1. TIMING - Why use MSPs as clocks? '-'- .' 2. POSITIONING - Why and how to navigate with MSPs?

| & MSPs can be used as a pulsar positioning system for solar system missions,
Millisecond pulsars (MSPs) are promising as a galactic 7 and arguably for the galaxy. This is known as X-ray pulsar NAVigation, or XNAV
timing standard as they: = & (seee.g. Sheikh et al. 2006; Becker, Bernhardt, and Jessner 2013).

e provide a parallel clock to terrestrial ones, 3 '-__-' 3 [/ Why X-ray MSPs?

e are based on macroscopic neutron stars instead of ig Intense - X-rays have short wavelengths, so small detectors can be embarked.
quantum processes oy A . . ISM-proof: X-rays can go through the interstellar medium (ISM).

e they will tick longer than any Earth clock J ‘ Periodic - the behavior is highly predictable, allowing a low computational load

on the spacecraft
(Hobbs 2012).
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Figure 1 - Comparison of terrestrial and astrophysical clocks. The frequency stability is expressed in terms of square
root Allan variance (y-axis), and the x-axis represents the integration time. Optical clocks are currently the best ones,
but the long-term trend of the best millisecond pulsar (dashed arrow) shows that MSPs may compete if we allow a long
integration time. See (Hartnett and Luiten 2011) for details.
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3. COMMUNICATION - Why use pulsars for metadata? _ - — IS GETTING #NICER 2/17

China and USA are testing XNAV
with the XPNAV1 satellite and within NASA’s NICER mission.

Astrophysical coding suggests to encode interstellar messages
according to a shared astrophysical context, such as pulsars.
(Cordes and Sullivan 1995, Sullivan and Cordes 1995).

BER 4 |ITTLE GREEN MEN AFTER ALL?

From: Benjamin Stappers <Ben.Stappers@manchester.ac.uk> Most messages contain metadata such as their

, . . origin and destination, and are [iiCESiamped g ¥ e R L :
To: Clément Vidal <contact@clemvidal.com> g ! N Do MSPs have a distribution that is suitable for galactic

Mon, 14 Aug 2017 08:15:47 -0700 (PDT) according to a timing standard. g _ oy navigation, significantly more than a random distribution?
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Humans have already used pulsars to locate the Earth,

in the Voyager golden record. Figure 3-Thedistribution of MSPs in Galactic coordinates, excluding

those in globular clusters. Binary MSPs are shown by open circles.
Figure from (Lyne and Graham-Smith 2012, 116).

The same localisation method was
used back in 1972 in the Pioneer plate

Imagine that we would find around Mars’ orbit-or an exoplanet-
(Sagan, Sagan and Drake 1972).

well-distributed timekeeping devices with an accuracy
comparable to atomic clocks, beaming timing information that
can be used as a “Mars Positioning System”, just like GPS.

Wouldn’t we be compelled to explore the hypothesis that
extraterrestrial intelligence is at play? This is exactly the current
situation with millisecond pulsars, but on a galactic scale. For details

Most messages are likely to be galacto-tagged on how to test this idea, see (Vidal 2017).

and pulsar-time-stamped by reference to MSPs
(Vidal 2017).

Given any suspicious message we want to decode, the first
step becomes to attempt to decode not the message itself,
but its metadata.

5. SUMMARY

Millisecond pulsars hold great promises for the future of humanity,
to set timing, positioning and communication standards.

W Timing: Astrophysicists already use the timing properties of pulsars
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