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Abstract
The GLAST satellite (Gamma-ray Large Area Space Telescope) will be launched less than a year from now, and its Large Area Telescope (LAT)
is expected to discover scores to hundreds of gamma ray pulsars. This poster discusses which of the nearly 1700 known pulsars, mostly visible
only at radio frequencies, are likely to emit > 100 MeV gamma rays with intensities detectable by the LAT. The main figures of merit used to select
gamma ray pulsar candidates are E and VE /d?, where E is the energy loss due to rotational spindown, and d is the distance to the pulsar. A few
individual objects are cited to illustrate the issues. Since large E pulsars also tend to have large timing noise, their ephemerides can become
inaccurate in weeks to months, and the GLAST LAT will need timing measurements contemporaneous to the continuous gamma ray observations.
The poster will describe efforts to coordinate pulsar radio timing of the candidate gamma ray pulsars.

GLAST needs contemporaneous

1627 pulsars are currently listed in the ANTF Pulsar Catalog. The Vela pulsar and six tl mlng measu rements
additional pulsars were seen at high energies by EGRET or COMPTEL with high-
confidence and at least three more objects like the millisecond pulsar J0218+4232
were seen by EGRET with Iower confldence The GLAST LAT (Large Area Telescope),
with its unpre is to increase the number of known
gamma ray emitting pulsars substantlally, see Figures 1 and 3 (between 30 and 100 for
Thompson, 2003, about 600 for Gonthier et al., 2004, and up to 750 for McLaughlin
and Cordes, 2000).

With a large effective area (10000 cm? at 1 GeV), a narrow point spread function,
and a large field of view (2.4 sr), GLAST will record enough photons for gamma-ray
pulsation searches far more sensitive (for 1 year, 4x10-° ph/cm?s (E>100 MeV))
than EGRET’s and should detect scores to hundreds of large E radio pulsars. Figure
4 illustrates GLAST'’s superior source localisation. However, timing noise also
scales with Pdot and timing ephemerides become inaccurate within weeks to
months for many of the best gamma pulsar candidates (Arzoumanian et al 1994).

The hi Edot radio pulsar J2229+6114 discovered at the end of the CGRO mission is
a concrete example. A search in EGRET data archives using different methods
failed to find significant evidence of pulsation (Figure 5) since the EGRET photons

However, to succeed in discovering gamma ray emission from known pulsars, it will be
essential to have high-precision ephemerides : that is, for a typical pulsar, an
uncertainty on its period AP < 2% of P. Hence, it is important to determine which of the
1627 pulsars may be potential gamma ray sources.

Study of model predictions and the EGRET sample suggest various parameters that
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could be well correlated with gamma ray intensity. We have chosen a quantity P are too few, and too old compared to the ephemerides (Thompson et al., 2002).
illustrated in Figure 2:
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This choice leads to a list of 215 gamma ray emitting candidates, which are then sorted Source

by VE /d2. A few examples are cited on the poster.
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Figure 4 : Comparison of EGRET observations with Figure 5: Best EGRET light curve for PSR J2229+6114, Afer aking N trials
Similted GLAST LAT error boxes (credit S, Digel). into accoun, the statisical signficance of a posiive detecton is low, and
detectionis claimed (Thompson et al, 2002)

#49: J0218+4232, first of many
gamma MSP’s ?
PSR 30218+4232 1 a millsecond

pulsar (MSP) orbiting around a low
mass white dwarf companion. Many.
authors predict gamma ray emission
by MSPs, yet J0218+4232 is the only.
MSP with evidence of gamma ray
emission, using EGRET (Kuiper et
al, 2000, 2002). J0218+4232 is.
whi
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Coordinated pulsar timing campaigns for GLAST

As for EGRET (Fierro 1994), we have an a priori list of radio pulsars most likely to be detectable with the GLAST LAT
(https:/confluence.slac.stanford.edu/display/GLAMCOG/GLAST +LAT+Multiwavelength+Coordinating+Group). Also as before (see e.g.
Arzoumanian et al 1994), timing campaigns have begun. However, GLAST's timing needs are substantially greater than EGRET's were:
« The number of known radio pulsars has more than tripled since the CGRO launch.

« The LAT's gamma ray sensitivity will be 25x better than EGRET's. Refe re nces
* GLAST will scan the whole sky continuously during the first year, and generally thereafter: All pulsars will be observed all the time. Aharonian, F. A. et al., A&A 448, 43-47 (2006)
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Arons, J. A&A Supp. 120, 49 (1996)
Arzoumanian, Z., et al., Ap 422, 671 (1994)

Three observatories will routinely time most of the gamma ray candidates: Parkes for the southern sky (contacts:
Simon.Johnston@atnf.csiro.au and dick.manchester@ciro.au), and Jodrell (contact: mkramer@jb.man.ac.uk) and Nangay (contact:
icognard@cnrs-orleans.fr) in the north. The most sensitive but less available instruments, Green Bank Telescope and Arecibo, will be

b . A for ; > ; ATNF Pulsar Catalog : http: atn.csiro.
used for pulsars particularly interesting in gamma rays but difficult to detect in radio, and to perform deep searches for radio counterparts
: Caraveo, P. A. et al., ApJ 561, 930 (2001)
to gamma ray sources that the LAT will detect, pulsed or unpulsed. .
Carramijiana, A., et al., AIP Conference 410, 588 (1997)
We need help from other radio telescopes: the a priori list reflects current theoretical prejudices, heavily influenced by the very small C}"""“‘ Vol G, MRS 2, 77 (IEER) .
number of currently known gamma ray pulsars, yet the LAT will observe all radio pulsars so we want valid ephemerides for as many as HenoMAobselvationsloiSpinFoleletRlisat=lw i ISECRETICan naliavielescope D DAl ss s}

Stanford University (1995)
Gaensler, B. M. et al., ApJ 588, 441 (2003)
Gonthier, P. L., et al, ApJ 604, 775 (2004)

possible. Some radio-bright, glitch-prone pulsars merit more frequent observations. The monitoring must be sustained for 5 to 10 years,
a strain for any observatory.

A database (http:/glast.gsfc.nasa.gov/ssc/dev/psr_tools/) readable by the Science Tools package (http:/glast- IR 78 & (o Y 5, TS (BT )
ground.slac.stanford.edu/workbook/sciTools_Home.htm) will allow analysis of data as it becomes available on the servers e e iC et enceSes et oh D S= (2002
(http://glast.gsfc.nasa.gov/cgi-bin/ssc/L AT/DC2DataQuery.cgi) For pulsars more easily detectable in X-rays than in radio, we welcome GRETR (2h (s S e QY B0, S0 ()
any help in providing the GLAST LAT with accurate ephemerides. Kothes, R. et al., ApJ 560, 236 (2001)
Kuiper, L. etal., AGA 336, 545 (1998)
Those who provide ephemerides used to obtain gamma ray results will co-author publications. While true that GLAST data becomes Kuiper, L. et al., A&A 359, 615 (2000)
public after the first year, GLAST data analysis is complex, especially for weaker sources not seen during the first year: radio, Xray and Kuiper, L. etal., ApJ 577, 917 (2002)
gamma ray astronomers are likely to all benefit from cooperation. McLaughlin, M. A., Cordes, J. M., ApJ 538, 818 (2000)

Navarro, J. et al., ApJ 455, 55 (1995)

Strickman, M. S., et al., ApJ 460, 735 (1996)

Thompson, D. J. et al., ASP Conference Series, arXiv:astro-ph/0112518 (2002)
Thompson, D. J., arXiv:astro-ph/0312272v1 (2003)

If you can contribute to LAT pulsar timing, please contact the GLAST pulsar IDS (InterDisciplinary Scientist), Stephen Thorsett
(thorsett@ucolick.org) and/or the "Pulsar, Supernova, and Pulsar Wind Nebula Science Working Group" leaders, David Thompson
(djt@egret.gsfc.nasa.gov) and Roger Romani (rwr@astro.stanford.edu).




