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What is a pulsar?

• Rapidly-spinning (0.1 Hz - 700 Hz), !

• highly-magnetised (up to 1E15 G),!

• neutron star (R ~ 10 km, M ~ Sun)!

• Discovered almost 50 years ago 
but still not completely 
understood!

• > 2000 known pulsars!

• Two “varieties”: young and 
millisecond pulsars
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Gamma-ray pulsar population

3



Young, RS Young, GS Young, XS MSP, RS MSP, GS
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See 2PC:!
ApJS, 208, 17 (Dec 2013) !

arXiv:1305.4385
https://confluence.slac.stanford.edu/x/5Jl6Bg

https://confluence.slac.stanford.edu/x/5Jl6Bg


Why are pulsars interesting?

• Extreme physical properties (e.g. density, B-field)!

• Extreme ‘timing’ properties!

e.g. The period of MSP J0437-4715 at 8:40 AM CST on 23 Aug 
2012 was 5.7574518556687(1) ms and the first six digits will 
remain constant for the ~1000 years (Ransom 2013)
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Credit: Thompson 2004

The multi-wavelength nature 
of pulsars  



Pulsars at VHE 
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Vela 

Crab 

http://phys.org/news/2014-07-hess-ii-reveal-pulsar.html

Aliu et al. 2011, Science, 334, 69

http://phys.org/news/2014-07-hess-ii-reveal-pulsar.html


Pulsars at VHE

• The Crab pulsar has 
been detected at       
> 100 GeV (possibly 
up to TeV energies)!

• The Vela pulsar has 
been detected by 
H.E.S.S. up to 70 GeV!

• Emission mechanism?!

• What about other 
pulsars?

8 Romani 1996

Aliu et al. 2011, Science, 334, 69



Modeling the Crab with SSC
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Harding et al. 2015



Testing GR with pulsars
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Credit: Aurore Simonnet

See also Otte 2011



Pulsars above 10 GeV (EGRET)
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• Thompson et al. 2004!

• ~1500 photons > 10 GeV!

• 187 within 1 deg. of a source!

• 37 from 5 gamma-ray pulsars:!

• Crab: 10 (7 in peaks)!

• Vela: 4 (all in peaks)!

• Geminga: 10 (5 in peaks)
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LAT specifications

http://fermi.gsfc.nasa.gov/ssc/

http://fermi.gsfc.nasa.gov/ssc/
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Ackermann et al., ApJS, 209, 34 (2013)

Fermi LAT Catalog of Sources  
Above 10 GeV  (1FHL)



The 1FHL Catalog 
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• 36 Months, P7V6 Clean, E>10 GeV!

• Locations, spectra, variability, associations!

• 514 sources!

• 393 (76%) associated with AGN!

• 65 (13%) unassociated!

• 27 (5%) associated with pulsars -> how many 
identified (HPSR)?

• Ackerman et al.,  ApJS 209, 34 (Dec 2013)



Pulsar associations in 1FHL
• 27 1FHL sources associated with pulsars!

• 25 associated with 2PC pulsars                   
(all except J2339-0533 and J1536-4948)!

• 5 EGRET pulsars!

• 7 young (non-recycled) radio-selected!

• 10 young gamma-selected!

• 3 gamma-ray MSPs

15

Q: Does the > 10 GeV emission come from the pulsar? !

A: Test for pulsations using prior low-energy information



The 1FHL Catalog
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Geminga
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Not all look that nice …
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1FHL gamma-ray pulsars (HPSR) 
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Pulsars above 25 GeV
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63 GeV pulsations?
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Preliminary



Vela above 50 GeV
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Leung et al. 2015



Stacked spectra of pulsars

23 McCann 2015



Fermi upgrade: Pass 8!
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2012 Fermi Symposium proceedings (arXiv:1303.3514)



2FHL
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2FHL Source Classes
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SNR/PWN in 2FHL
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What next with the LAT?
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1FHL Now

Data span 3 years ~ 7 years

LAT IRFs Pass 7 Pass 8

# Pulsars 
investigated 39 ~160

Dedicated PWN 
treatment No Yes

Lower Energy 
Template >100 MeV >100 MeV, >1 

GeV, Other (TBD)



Summary
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• Fermi has greatly improved our knowledge of gamma-
rays sources in the 100 MeV-100 GeV energy range!

• 28 (12) LAT pulsars have been shown to emit 
pulsations at >10 (25) GeV!

• Recent improvements in Fermi (Pass 8) with the 
addition of more than twice the amount of data will 
improve these results significantly!

• Ground-based instruments (HESS, MAGIC, VERITAS, 
HAWC, CTA) are needed to further investigate pulsar 
emission above 100 GeV
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Extra Slides



LIV with pulsars
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The Large Area Telescope !
(LAT)

Calorimeter

Anti-coincidence!
Detector

Tracker

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


