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1. Gamma-ray pulsars - what and why 
2. Gamma-ray Large Area Space Telescope (GLAST) 
3. Pulsar prospects with GLAST 
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Gamma-ray telescopes Decade 

Balloons, SAS-2, COS-B 

None 

Compton Observatory 
(all 4 instruments) 

INTEGRAL 

AGILE, GLAST 
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Pulsar discoveries 

Crab, Vela 

None 

Geminga, B1706-44, 
B1509-58, B1055-52, 
B1951+32, + ?? 

See next talk 

Coming soon! 
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5 LIMITED OBSERVATIONS OF A FEW - 
GAMMA-RAY PULSARS HAVE LEFT 
OPEN FUNDAMENTAL QUESTIONS: 

Where and how are particles accelerated - 
polar cap, slot gap, outer gap? 
How do the particles interact? With what? 
Is it the same for all neutron star systems? 
How does the complex environment (frame 
dragging, aberration, strong magnetic and 
electric fields, high currents) produce the 
observed radiation patterns? 
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b GLAST: Gamma-ray Large Area Space Telescope 

Two GLAST instruments: 

Large Area Telescope 
LAT: 20 MeV - >300 GeV (LAT 

was originally called GLAST 
by itself) 

LAT field of view -2.5 sr 

GLAST Burst Monitor 
GBM: 10 keV - 25 MeV 
GBM field of view -9 Sr 

Launch: Early next year (2008) 
Lifetime: 5 years minimum, 10 

years goal 
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b GLAST Burst Monitor (GBM) 

- - 

w Successor to BATSE on the Compton Observatory. 

w No pulsar timing mode. GBM will detect magnetars as 
Soft Gamma Repeaters 
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K 
4 - GLAST Large Area Telescope (LAT) 

Successor to EGRET on tne Compton Observatory. 

Significantly larger than EGRET and uses improved technology. 
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PULSAR SCIENCE WITH THE 
NEW GAMMA-RAY SATELLITES 
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& .. . Step one - EGRET Follow-up 
How many of the new 
pulsars found in EGRET 
error boxes are gamma-ray 
pulsars? 

I I 1  1 
I " " 1  I I I 

Radio 

I 
I I Optical 
I  I ' I 
1 1  

Gamma 

Are these lowertonfidence 
EGRET pulsar detections real? 
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Examples: 

PSR J 101 6-5857 

PSR J1015-5719 

PSR J 1420-6048 

PSR J1637-4642 

PSR J1837-0559 

PSR J2229+6114 

All have energy budgets 
consistent with EGRET 
sources. No timing 
information for EGRET era. 
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*using LAT High-Energy Response for Spectral Analysis 

I bela Pulsar: Polar Cap vs. Outer Gap scenario obseked by the LAT I 

Outer Gap model prediclion (Romani 1996) - Outer Cap model, 1 yr lAT survey - EGRET data points (Thompson et al. 1999) 

1 oS 
\ l \  

I I 1 1 1 1 1 1 1  I I 1 1 1 1  1 1 1  t 1 I 1 I l l  

I o3 I o4 I o5 
Energy [MeV] 

Super-exponential (PC) or 
exwnential cutoff (OG) ? 

I 

Is there a real high-energy cutoff energy 
vs. magnetic field trend? 10 

Surface Magnetic Field (units of lo1* gauss) 
-- - 
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LAT Pulsar Science Test MS Pulsar Theory 

Energy (MeV) Energy (GeV) 

Using a polar cap model, Harding, Usov, and Muslimov (2005) found an 
approach that can explain the observations. It uses cyclotron resonant 
absorption of radio emission to produce strong synchrotron gamma-ray 
emission from J0218. Other ms pulsars like J0437 are predicted to have 
curvature radiation just below the EGRET limits, but easily visible to LAT. 
Possible problem: this model seems to predict that EGRET should have 
seen some other ms pulsars and 47 Tuc. 
Other models (e.g. Zhang and Cheng, 2003; Bulik, T., Rudak, B. & Dyks, 
J. (2000) make different predictions for millisecond pulsars. 
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p LAT Pulsar Science: Phase-Resolved Spectra 

Models have calculated phase- 
resolved spectra for some 
gamma-ray pulsars. 
Comparison with the data is 
largely limited by the data 
uncertainties. - 

LAT will provide high-quality 
phase-resolved spectra for 
the bright pulsars, with error 
bars smaller than these by -- 

about a factor of five. 

Polar Cap model for Vela 
(Daugherty & Harding, 1996) 
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