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Creating an automatic web-
based browsable interface
that tracks the timing
calibration of all missions using
the Crab (+ other pulsars)
Using a single code, one can
avoid the subtle differences
that can be introduced by
independent processing
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TOA CALCULATION

The core of the
calculation is the delay
between the folded
orofile and a template




PROFILES CAN
CHANGE!

Profile changes, e.g. for
energy-dependence or
dead time, need to be
taken into account




CONSISTENCY IS
KEY

Small errors of source
position, different
ephemerides, can
create significant errors
in delay measurements
(~msecs)




Mission teams

IACHEC code

Folding

Delay calculation

Plotting

TOAIn TDB

Template

Pulsar databases
(e.g. Jodrell Bank)

Geocentric
TOA

HOW THE CODE
WORKS

Mission teams provide barycentered
data, with the agreed ephemeris and
source position. Pulsar databases
provide the spin (and orbit when
relevant) parameters and TOAs.



Technologies

« PINT for pulsar ephemeris

 Stingray for data
mManipulation

o Luigi for pipeline

« Bokeh for plotting



Barycentered Event lists in FITS
Data format
formats:
« EVENTS extension with TIME
column (and maybe ENERGY)
« GTIl extension
« MJDREF (or MJDREF{l,F}) header

keyword



Ephemeﬂs Preferably JPL DE-430 (or >DE-405)
« RAJ2000 =05 34 31.972

« DECJ2000 =22 00 52.07
e ICRS frame



L Type ~ JL People ~ JL Modified ~ J

Name Owner Lastm... ¥ ¥  Filesize
P raw data 8 me May 12, 2022 —
B3 IXPE 8 me Apr 30, 2022 —
B XRT 8 me Nov 9, 2021 —
B HXMT 8 me Oct 20, 2021 —
B3 NICER ® crhuos2i@g.. May 13,2021 —
B BAT 8 me May 3, 2021 —
B3  Suzaku © yukikatsuter.. Apr 27,2021 —
3 Hitomi ¢ me Apr 26, 2021 —
B xvm e srosen@scio... Apr 20, 2021 -
3 NuSTAR 8 me Sep 15, 2020 —
E README g 8L me 3:51 PM 2 KB
Get Residuals.ipynb 22 ¢ me 3:15 PM 250 KB




{> Code

o matteobachetti /| TOAextractor
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() Actions [J Projects

[ wiki

Q. Go to file

Use 3.7 as well

First draft

First draft

Fix again source name

First draft

First draft

First draft

First draft

First draft

Add test data

First draft

fix dependencies

Q. Type (/) to search
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About R

A pipeline to extract TOAs from X-ray
observations of the Crab pulsar and
others. Mostly for cross-calibration
purposes

[0 Readme
A~ Activity
W 2 stars
& 2 watching
% 0 forks

Releases

© 1tags

Create a new release

Packages

No packages published
Publish your first package

Languages




More missions

Add all new
missions to the
archive

What next?

Web app

Current system
based on
Google Colab
works, but can
be improved

Crab science

Systematic
study of Crab

pulse profile at
different
energies, and
possible radio/X
delays




