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How important is absolute timing accuracy...... I
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How important is absolute timing accuracy...... II

important enough
for particle 
physicists ....
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Opera Timing
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PolaRx - performance
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What is the problem?

• We are observing on
– a moving platform - elliptical orbit around the sun
–  a rotating platform - the Earth spins
–  in a variable gravitational field - Sun and planets ...

• This presents a few problems, particularly for pulsar observers
• Does it really matter?

US Naval Observatory : 
Earth Orientation 
Department.

Tuesday 11 October 11



Sardinia Workshop

Formal definitions - time 
from Klioner et al, 2009, IAU Sym. 261

• According to ISO (1993, definition 1.1), quantity is an attribute of a 
phenomenon, body or substance that may be distinguished qualitatively and 
determined quantitatively. A value (of a quantity) is defined as the 
magnitude of a particular quantity generally expressed as a unit of 
measurement multiplied by a number (ISO 1993, definition 1.18)

• The official definition of the concept of “unit” is given by ISO (1993, 
definition 1.7): a unit (of measurement) is a particular quantity, defined and 
adopted by convention, with which other quantities of the same kind are 
compared in order to express their magnitudes relative to that quantity.

• The official definition of the SI second can be found in (BIPM 
2006):The second is the duration of 9 192 631 770 periods of the radiation 
corresponding to the transition between the two hyperfine levels of the 
ground state of the caesium 133 atom

(Old unit : The ephemeris second is the fraction 1/31,556,925.9747 of the 
tropical year for 1900 January 0 at12 hours ephemeris time)
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Formal definitions - time 
from Klioner et al, 2009, IAU Sym. 261

In the framework of General Relativity, one should distinguish between 
observable (or measurable) and coordinate quantities. A measurable quantity 
has dimension, a unit, and gets a numerical value after comparison with its 
unit. Its value is independent of the choice of theory and reference systems.

A coordinate quantity has dimension, cannot be measured directly but can 
get a numerical value after computation from observables with proper 
theoretical (relativistic) Units of relativistic time scales and associated 
quantities 3 relations. Its numerical value is usually followed by “second”, 
“meter” or some combination according to its dimension and the system of 
units used for the observables. Its value depends on the choice of theory 
(General Relativity in present IAU Resolutions) and reference systems.
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Time Frames : Soffel et al, ApJ, 126, 2606
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Some definitions - taken from
http://tycho.usno.navy.mil/systime.html

• Atomic Time , with the unit of duration the Systeme International (SI) second 
defined as the duration of 9,192,631,770 cycles of radiation corresponding to the 
transition between two hyperfine levels of the ground state of cesium 133. TAI is 
the International Atomic Time scale, a statistical timescale based on a large 
number of atomic clocks.

• Universal Time (UT) is counted from 0 hours at midnight, with unit of duration 
the mean solar day, defined to be as uniform as possible despite variations in the 
rotation of the Earth.

◦ UT0 is the rotational time of a particular place of observation. It is observed as the 
diurnal motion of stars or extraterrestrial radio sources.

◦ UT1 is computed by correcting UT0 for the effect of polar motion on the 
longitude of the observing site. It varies from uniformity because of the 
irregularities in the Earth's rotation.

• Coordinated Universal Time (UTC) differs from TAI by an integral number of 
seconds. UTC is kept within 0.9 seconds of UT1 by the introduction of one-
second steps to UTC, the "leap second." To date these steps have always been 
positive.
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Some definitions - taken from
http://tycho.usno.navy.mil/systime.html

• Dynamical Time replaced ephemeris time as the independent argument in dynamical 
theories and ephemerides. Its unit of duration is based on the orbital motions of the 
Earth, Moon, and planets.

◦ Terrestrial Time (TT), (or Terrestrial Dynamical Time, TDT), with unit of duration 
86400 SI seconds on the geoid, is the independent argument of apparent geocentric 
ephemerides. TDT = TAI + 32.184 seconds.

◦ Barycentric Dynamical Time (TDB), is the independent argument of ephemerides 
and dynamical theories that are referred to the solar system barycenter. TDB varies 
from TT only by periodic variations.

• Geocentric Coordinate Time (TCG) is a coordinate time having its spatial origin at 
the center of mass of the Earth. TCG differs from TT as: TCG - TT = Lg x (JD 
-2443144.5) x 86400 seconds, with Lg = 6.969291e-10.

• Barycentric Coordinate Time (TCB)is a coordinate time having its spatial origin at 
the solar system barycenter. TCB differs from TDB in rate. The two are related by: 
TCB - TDB = iLb x (JD -2443144.5) x 86400 seconds, with Lb = 1.550505e-08.
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Some definitions - taken from
http://tycho.usno.navy.mil/systime.html

• Sidereal Time, with unit of duration the period of the Earth's 
rotation with respect to a point nearly fixed with respect to the 
stars, is the hour angle of the vernal equinox.

• Julian Day Number is a count of days elapsed since Greenwich 
mean noon on 1 January 4713 B.C. The Julian Date is the Julian 
day number followed by the fraction of the day elapsed since the 
preceding noon. This talk started at JD 2,455, 845.7917

• Modified Julian Date (MJD) MJD = JD - 2,400,000.5 (i.e. starts 
and midnight)
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Leap Seconds

• Added on January 1st or July 1st
• See US Naval Observatory website for latest changes 

 1991 JAN  1 =JD 2448257.5  TAI-UTC=  26.0       S + (MJD - 41317.) X 0.0      S
 1992 JUL  1 =JD 2448804.5  TAI-UTC=  27.0       S + (MJD - 41317.) X 0.0      S
 1993 JUL  1 =JD 2449169.5  TAI-UTC=  28.0       S + (MJD - 41317.) X 0.0      S
 1994 JUL  1 =JD 2449534.5  TAI-UTC=  29.0       S + (MJD - 41317.) X 0.0      S
 1996 JAN  1 =JD 2450083.5  TAI-UTC=  30.0       S + (MJD - 41317.) X 0.0      S
 1997 JUL  1 =JD 2450630.5  TAI-UTC=  31.0       S + (MJD - 41317.) X 0.0      S
 1999 JAN  1 =JD 2451179.5  TAI-UTC=  32.0       S + (MJD - 41317.) X 0.0      S
 2006 JAN  1 =JD 2453736.5  TAI-UTC=  33.0       S + (MJD - 41317.) X 0.0      S
 2009 JAN  1 =JD 2454832.5  TAI-UTC=  34.0       S + (MJD - 41317.) X 0.0      S
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GPS - Global Positioning Satellites 

• Military based system - now civilian
• 2 forms

– Normal GPS - typical accuracy 14 ns, receiver dependent
– Differential GPS - GPS plus terrestrial radio beacons - 

accuracy ~ 1ns
• GPS time set to UTC in 1980 - see USNO web site
• Other systems include

– Galileo : EU
– GLONASS : Russian
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Pulsar timing : probably the most difficult

• see Hobbs et al, MNRAS, 369, 655 (2006) and Lorimar and 
Kramer - Handbook of Pulsar Astronomy
PSRB      0531+21
RAJ       05:34:31.9723211771976
DECJ      22:00:52.0691783694112
PEPOCH    55180.0000001333683030679822 8.391099e-11
F0        2.9728942504225436e+01  9.322426e-10
F1       -3.7144351634185121e-10  4.495249e-15
F2        1.1047696322534057e-20
F3       -6.0000000000000023e-31
POSEPOCH  53254.0000000000000000
DM        5.6823752598038659e+01  7.707162e-04
DM1      -7.1124158761698542e-01  1.089199e-01
START     55175.9479189596677315
FINISH    55184.9241623203488416
EPHEM     DE200
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Pulsar timing requirements

 

Δt = pulsar arrival time correction
Δc  = clock error, including GPS errors 
        corrects for deviations away from GCT
ΔA  = atmospheric propagation delays
ΔE

 = Solar System Einstein delay - gravitational
           and Earth's motion       
ΔR

 = Roemer delay - translation between observatory 
          Solar System Barycentre
ΔS

 = Shapiro delay - delay due to space curvature
          around Solar System bodies
D
f 2  = Dispersion and other frequency dependent delays

ΔVPΔB  = Secular delays due pulsar velocity and orbits
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Shapiro delay - from Hobbes et al

Tuesday 11 October 11



Iqueye - Istanbul 2011

Iqueye Data
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TDB vs TCB - if you get it wrong ....
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TDB vs TCB - if you get it wrong ....
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Conclusions

• Different time frames and systems taken into account in 
tempo2

• Be careful of differences between TDB and TCB
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