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Radio Pulsar Timing for GLAST
Requirements, Costs and Triage

Good ephemerides will dramatically enhance 
pulsar (and PWN) science
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Basic Quest
• Maintain Ephemerides for known pulsars at an accuracy 

which does not ‘blur’ significantly light curves, phase-
resolved spectra, etc.
– Two generic classes of high Edot PSR: Young, MSP
– Good DM for absolute phases, comparison with multi-ν

• For a few PSR e.g. Crab, DM needs to be monitored – no big problem
• May also be useful to have good accuracy RM for absolute PA 

comparisons, Pol’n diagnostics – ~constant, can be obtained later
– Young PSR (dominated 3EG sky) have large timing noise, occasional 

large glitches
• Timing Noise – spectrum of rotational instabilities, slowly growing δφ.
• ‘Glitches’ – large events dν/ν up to 10-6. Lose phase solution

• Minimize telescope time to maintain this data set
• Encourage coordination of international resources, ensure 

that tough, but important PSR, do not fall through the gaps
– Steve Thorsett will likely be helping, but not too early to discuss….
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Basic Assumptions
• Timing at L band (~1.4 GHz) 

– Appropriate to many distant young PSR – mitigate scattering

• Will assume that we want to keep up with timing noise
– Will not assume dense coverage of rare large ‘glitches’
– Note this means that if cadence for some pulsars is 1-2/yr will lose up 

to ~1yr of γ-ray photon stats – acceptable in 5yr mission
– A few PSR ARE monitored for glitches (Crab– Jodrell, Vela –

Hobart), get the glitch-response γ-ray physics (if any!) from these.

• Our goal should be to get δt < 1mP (fVel /fγ)1/2

– Only brighter PSR need better than ~20mP
– Minimum 20mP ephemeris for any useful timing
– Minimum 5m/PSR/visit for large telescopes (settle, etc)
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Gamma-ray Assumptions
• Most Gap voltage drop-limited 

models predict fγ ~ Edot1/2/d2:
• Notice that high energy 

efficiency ηγ ~ Edot-1/2

– Efficiency saturates at some 
`Death line’ Edot

– Edot ~1030 erg/s (Radio 
polar cap surface gap?)

– Edot ~1034 erg/s (γ-ray 
higher altitude gap)

• Beaming is critical!
– difficult to predict w/o magnetic 

inclination angles α, β
– Eg. Note B0656+14 much fainter 

than correlation, J00218+42 
brighter
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Radio Timing Assumptions
• Use ATNF database to survey pulsars
• Use S1.4 – when only S0.4 available scale as ν-2.5

– Fairly conservative, some system better below GHz, eg. GBT
• Narrow pulses give higher S/N
• -- toa accuracy: δφ~ (W/P)1.5 S1.4/(tobs)1/2

– Scale to ~3hr to get J0205 on GBT i.e. hours of 100m-class time
– In detail, depends on back-ends, of course
– Floor of ~300s to check any source

• Timing Noise – assume frequency noise, use Pdot to estimate 
activity parameter:

• Residual grows as φrms ~ [10∆8/P](t/108s)2/3

– Where ∆8 = 6.6+0.6 Log (Pdot) (Arzoumanian, Nice & Thorsett 94)
• Gives max time between visits
• Derive total `required time’ in hrs/yr
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Cyg Loop? w/ X-ray

3C58

G54.1+0.3
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Observability predictions
• Safest: stick w/ > 2x1034 erg/s

– But get a good sample beyond this – tend to be stable, can likely 
recover γ-ray light curve from low cadence timing

• Several predicted bright PSR NOT 3EG sources
– Emission physics?
– Beaming geometry?

• Remember observed parameter uncertainties
– DM distances 30% errors
– Edot for GC MSP
– Beaming corrections
– Background issues.
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Cumulative Required time
• Time required to get the Camillo PSRs dominates!
• 143 PSR >10-4fVela, log(Edot)>34.3

– 615h/year 401h for 4 energetic PWN (Camillo) PSR!

• 170 (Log Edot > 34), 
• 244 (Log Edot> 33.5), 
• 293 (Log Edot> 33)
• X-ray timing?

– RXTE?
– Indian ASTROSAT?
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Ephemeris Resources
• Foundations

– Parkes 64m – Simon Johnston (+Manchester, Bailes, etc)
– Jodrell 76m – Michael Kramer (+Lyne, etc)
– Key issue – these major efforts will need direct personnel support from 

GLAST!!  GS level likely best to man telescopes, esp. Parkes

• Other Big Guns
– GBT 100m– Ransom?, Camillo?, Backer?
– Arecibo 305m– Cordes? Thorsett?, Nice?
– Nancay ~70m– Smith, Cognard

• Smaller Focused Efforts
• Longer shots 

– GMRT ~250m
– ATA ~115m
– KAT ~65m
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Special Focus on 3EG coincidences
30 PSR coincident w/ Unidentified 3EG sources – Alice Harding
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New Objects
• Deep Searches of 3EG regions, PWNe may yield a few more
• Some from ALFA (only Arecibo can handle these…)

– Just checked J1928+1746 (=3EG J1928+1733?) – 50th needs 10min/yr

Strategy During GLAST mission
• Initially get all > 1034 erg/s, selected set of nearby less 

energetic PSR
– Estimate activity parameter after ~1yr, adjust cadence

• Adjust timing list during mission: Drop srcs w/ no nσ
detection after m years

• Add new PSR from deep searches of unidentified GLAST 
error boxes


