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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).

— = PSR 1937+21 -=0=-=G117-B15A === Al-Hg clocks

PSR J1909-3744 —O— Kvarz MASER ---u#--- FO2-FOM clocks Unique signature - the average pulse profile is unique, this avoids confusion with
--#--PSR J0437-4715 —¥— Cs 4065C --4-- FO2-F1 clocks other sources

=== PSR J1713+0747 --4— Cs 5071A —~— TAI-AT1 :

Sharp pulse profiles - quick to identify

Stable - position, velocity and attitude can be determined with high accuracy

7 "S5 White dwarf
107 'EJ.,,I N - : 0

5 e Pulsar 3 (Sheikh 2005, 34)

-9 i -
107 O ' ' Figure 2 - A three dimensional position fix can be
Oa. x ' obtained by observing at least three pulsars. Given
3 Commercial thermal * ' - : three well chosen pulsars, there is only one unique set
10" - beam Cs clocks X« Millisecond of pulses that solves the location of the spacecraft (SC).
P — ‘o s, Pulsars Ei :
| \ “ igure adapted from (Sheikh 2005, 200).

-13 § H maser . b y o
10N : N’ Propert GPS
L Oty Usea, R Accuracy ~3ns (1 m) ~ 100 ns (30 m)
' Navigation method Time-of-Arrival-based Time-of-Arrival-based
Regular signal for beacon identification |Coarse/Acquisition-code Stable pulse profile
| o Passive navigation Yes Yes
| 106 - ? 108 ¢ ',('1'610 o -. 4 : Absolute navigation Yes Yes
Integration time [s] 1yr 10yrs 100 yrs e =i Satellite and pulsar navigation are similar in many respects (Buist et al. 2011; Vidal 2017)

Square root Allan Variance

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?

Content-Type: text/plain; charset="utf-8" c . . i \ : .
YP /p It’s much easier to decode metadata information il Could  extraterrrestrials  modulate  pulsar  signals

Content-Transfer-Encoding: base64 than _ p A (Chennamangalametal.2015)toengineera pulsar positioning
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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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