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Outline

• Introduction: The Fermi Large Area Telescope

• Pulsar searches in gamma rays (compared to radio)

• Searches for gamma-ray pulsars

• Young pulsars

• Millisecond pulsars

• Conclusions and Prospects
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The Large Area Telescope 
(LAT)
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Tracker

Atwood et al., ApJ, 697, 1071 (2009)
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LAT specifications

http://fermi.gsfc.nasa.gov/ssc/
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LAT vs EGRET

• > 200 million “source” class events by the LAT in 
first 4 years (~1.5 million EGRET photons in 9 yrs)
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117 gamma-ray pulsars!

41 young radio- and X-ray-selected (green circles, cyan crosses)
36 young gamma-selected (white squares)

40 radio-selected MSPs (red diamonds)

See talk by Lucas Guillemot
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Searches in 
Gamma rays vs radio

PSR J1745+1017 (Credit: Ewan Barr) PSR J1957+5033

No DM

Longer data spans
(10,000x longer!)
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Gamma rays vs radio

• Worse flux sensitivity in gamma rays

• Short vs Long data sets

• All-sky survey mode vs pointed

• No DM in gamma rays

• Different biases
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Early LAT discoveries

• Many associated with 
EGRET Unid sources 
and SNRs

• Mostly undetected in 
radio (or very faint)

• Young to middle-aged 
(2-20 Hz, < 2x106 yr) 
and energetic

Abdo et al. , Science, 325, 840 (2009)
Saz Parkinson et al., ApJ, 725, 571 (2010)
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Glitches
• Young, energetic pulsars like 

those found in LAT blind searches 
are noisy and prone to glitches

• Long observation periods risk 
spanning multiple glitches (e.g. 
CTA1, shown on the left) 

• Latest pulsar discovered (PSR 
J1838-0537) was originally only 
found in ~ half the data set, due 
to large glitch . Pletsch et al., 
ApJL, 755, 20 (2012)
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Effect of a position offset
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LAT position uncertainties

r95% (in arcmin) of 2FGL
unassociated sources

r95% (in arcmin) of 2FGL
unassociated sources vs 
significance (in sigma)

Approximate threshold
for blind search detections
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Blind searches 
at Hannover

• 6720 CPU-core cluster

• Blind search techniques 
adapted from GW search

• Efficient scan in position

• 10 pulsars discovered

• Pletsch et al. 2012a, 2012b
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LAT Searches for MSPs
• CPU/memory intensive

• More sensitive to position 

• Most (~80%) are in binaries

• Full blind search of binary 
pulsars is currently unfeasible

• MWL obs. are desirable for 
isolated MSP searches and 
essential for binary ones

• Fortunately ... MSPs are 
extremely stable!
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Searches for 
Black Widows

See talk by A. Belfiore
Romani & Shaw, ApJL 743, 26 (2011)

Romani, ApJL 754, 25 (2012)
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The expected fraction of 
radio-quiet MSPs

• Look at brightest/most 
significant LAT sources

• 249 > 20 sigma and 
F>3x1011 erg cm2 s-1

• 41 young pulsars (17 RL)

• 12 MSPs (12 RL)

• 6 unassociated sources

Romani, ApJL 754, 25 (2012)

Conclusion: At least 2/3 of young pulsars and 
at most 1/3 of MSPs are RQ (Romani 2012)

See talk by M. Kerr
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Pulsars around the GC?

Dark Matter?
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• Can we detect pulsars that far? 

• PSR J1823-3021A in NGC 6624 at 8.4±0.6 kpc

• Crab at 8x distance = flux of faintest BSP

• Detailed diffuse model should improve event 
selection/weighting

• Multi-wavelength observations can improve 
sensitivity

• A modified observing profile could increase 
exposure by ~3.5, while maintaining all-sky coverage 
at ~1/3 current sensitivity

Pulsars around the GC?
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Effect of timing noise
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Conclusions
• The LAT has detected > 100 pulsars in 3 years (~1/3 in 

blind searches); the first gamma-ray telescope to 
discover pulsars in blind searches

• All (36) LAT-discovered pulsars so far are young (or 
middle-aged) isolated pulsars (mostly radio-quiet)

• Blind searches for MSPs are computationally intensive, 
but feasible, especially aided by MWL observations

• Searches for LAT pulsars around the Galactic Center 
could be enhanced with a modified observing profile

• LAT data are public ... anyone can search for pulsars!
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