
Finding the next VHE pulsar with 
the Fermi Large Area Telescope 

Pablo Saz Parkinson	

UCSC/HKU	


on behalf of the Fermi LAT Collaboration	

!

Collaborators: A. Belfiore, M. Kerr, S. Ransom, etc.	


!
Sixth International Fermi Symposium	


Arlington, VA, 11 November 2015

1



Gamma-ray pulsar population
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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

cf. Talk by 	

B. Rudak

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


Pulsars at VHE
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• The Crab was the first 
pulsar detected at       
> 100 GeV 	


• The Vela pulsar has 
now been detected up 
to 120 GeV	


• Emission mechanism? 
(cf. A. Harding talk)	


• What about other 
pulsars?

Romani 1996
cf. Poster by 	


S. Bonnefoy on Geminga
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TeV Pulsations from the Crab



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)
Note: Equivalent numbers for LAT, 	


(7 Yr, P8, 1deg):  ~100,000 ph within 1 deg. of a pulsar:	

2677, 4299, and 1118 respectively from Crab, Vela, Geminga
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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)
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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

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


A: Test for pulsations using prior low-energy information



The 1FHL Catalog

10



Geminga
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1FHL gamma-ray pulsars (HPSR) 
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Non-pulsing pulsar in 1FHL

13 cf. Jeremy Perkins talk



Pulsars above 25 GeV
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PSR J0614-3329
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Early PSC discovery 	

(Ransom et al. 2011)	


Very bright (EGRET source)

DM=37	

(~2 kpc)



A closer look at J0614-3329
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E>50 GeV
E>25 GeV

3-yr data set
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63 GeV pulsations?

Preliminary
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What next with the LAT?

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)
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Updated spectral model
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Updated timing model

Credit: S. Ransom

Measurable	

proper motion
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E>50 GeV

E>100 GeV

7-yr data setPreliminary

Search for the highest pulsations from 



Follow-up TeV observations are key!
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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 were shown to emit pulsations at 
>10 (25) GeV, based on 3 years of data	


• Recent improvements in LAT reconstruction (Pass 8) 
and the addition of more than twice the amount of 
data are improving these results significantly	


• PSR J0614-3329 is a promising VHE pulsar candidate	


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


