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Tirning idea: modeling

S ——

if a physical model adequatzly describes the systematic trends in
the ToAs, it is applied with the smallest number of parameters

oeri2rywise

if a physical model is not adequats, it is extended (adding
parameters) or rejected in favour of another model

when a model finally describes accurately the observed ToAs,
the values of the model’s parameters shed light onto the
physical properties of the pulsar and/or of its environment
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Correcting ToAs to the binary barycenier

The PULSARCENTRIC ToAs (i.e. ToAs expressed in pulsar
proper time) must be corrected, calculating them at the

Pulsar Systern Barycenter (PSB)

tosr-sary = Tpsr + Brp + Dgp +Agp + Ay

i : Time at pulsar system barycenter

pSR-BARY
s : Time in pulsar proper time (measured as at pulsar surface)
AV : Roemer delay (propagation delay) from pulsar to PSB

A, : Shapiro delay in pulsar binary

A\, : Einstein delay in pulsar binary

’

A,

I

: Aberration delay due to pulsar rotation

Those terms contain various parameters of the binary system and thus a
least-square fit to the residuals of a model including those parameters can
allow to measure them...
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tosg=T +AB+AB+ASB

Agrp =z (cos E — ¢)sinw + xsin £ /1 — e? cosw,




® Whence the puisar
mass function:
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Kepler equation (orbital time evolution

with two post-Keplerian pdrarneters

> E: Eccentric Anomaly ¥
> A-,-3 True Anomaly AT (E) = 2arCtan|:—‘ ,E tan;

» dP,/dt: Orbital period derivative
» dw/dt: Longitude of periastron time deriv

(may be classical or relativistic effects)

2 1P
E—esinE ="—[(t-T)-—-21-T))"
Pb[( o) 2Pb( 0)]
WP,

W =w,+ A.(E)
T
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|tese= Tsource ¥ Bre + Bep + Bsp + Bpp |
P’.’ =
LY g ' '

Agrp =z (cos E — ¢)sinw + xsin £ /1 — e? cosw,

where the new eccentricities
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Tha modificzieiorn ir thé"ﬁm&l\of e pulsas

Penastron Penastron
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tosg=T + AB + Ay + Agg + Apg

source







The binarycentering terrms
(Shapiro delay correction)

tgse = Tsource * Apg + A + ASB + Apxp

The effect (evident in almost edge-on orbits) is due to the curvziirs of the
spzice tire in the surroundings of the companion

Agp = —2r ln[l —ecos E — s(sinw(cosE —e)+ V1 — e?cosw sin E)]

where the maximum is expected for superior conjunction

P =w+ Ap(E) = /2.
Where: I' post-Keplerian parameter Range of the Shapiro Delay
S post-Keplerian parameter Shape of the Shapiro Delay

For a small eccentricity binary (with @ : orbital phase from ascending node)

Agp = —2rin |l — ssin ®),



The binarycentering terrms
(Aberration delay correction)

tgse = Tsource * Apg + Apg + ASB + Apg

The effect is also known in classical physics and is caused by the motion of

the source. However, it is almost degenerate with other PK parameters, so
very hard to measure

Aap = A [sin [w + AT(E)] + esinw] + B [cos [w + At(E)] + ecosw].

£ A=

Where: A first aberration parameter

B second aberration parameter



High precision pulsar tirming: which targeis?

Ordinary pulsars:

~ 1900 known objects;
NS, < few 107 yr

relatively long pulses &

rotational irrzgularities

logBs (G)

Haceyclzd pulsars:
~ 250 known objects;
NS, > 10%10° yr

The most rapidly
rotating are known as

milliszcond pulsars ATNF Pulsar Catalogue
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Millisecond pulsars (MSPs) as clocks

Pulsar periods can sometimes be measured with unrivalled
precision

e.g. on Jan 16, 1999 at UT=00:00
PSR J0437-4715 (a MSP+WD) had a period of

5.757451831072007 + 0.000000000000008 mMSs

16 significant digits!
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'he majority of the ordinary pulsars undergo timing irregularities
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A ensemble of recycled pulsars with
high rotational stability can be used
for establishing a

time scale based on pulsar rotation
dubbed e.g.

Ensemble Pulsar Scale

...similar to the Echelle Atomique Libre
(EAL)

from which the International Atomic

Time (TAI) is built (after applying corrections to
satisfy the SI definition of second)

and in turn a realization of the Terrestrial

Time is obtained TT(TAI) (by referencing
clocks to the Earth geoid)

as well as the post-corrected realization
of TT published each year and known as
TT(BIPMyy)
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