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SAS-2 (1972-1973): ~8000 photons

COS-B (1975-1982): 
~200,000 photons

EGRET (1991-2000): 1.4E6 photons, ~300 sources

Gamma-ray astronomy
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(100 MeV - 100 GeV)

(2008 - Present)

Fermi gamma-ray space telescope
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> 3 billion photons (and counting)

Fermi gamma-ray sky
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Neutron Star
~ 1.5 Msun 

~ 500,000 
MEarth

Neutron stars



Pulsar Basics
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• Discovered ~ 50 years ago but 
still not completely understood

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

• highly-magnetised (1E9 to 1E15 G)

• neutron star (R ~ 10 km, M ~ Sun)

• ~2500 known pulsars

• Two main “varieties”: young and 
millisecond pulsars

• multi-wavelength emission (over 
20 decades)



The Crab pulsar
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• Remnant of SN 
1054 AD 
(recorded by 
Chinese 
astronomers in 
the Song Dynasty)

• One of the 
youngest (and the 
most energetic) 
known pulsars
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The Crab pulsar

Bühler & Blandford 2014



The pulsar population
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Abdo et al. 2013 (2PC)



Gamma-ray efficiency
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Abdo et al. 2013 (2PC)



11 Credit: Dave Thompson (2004)

Gamma-ray pulsars pre-Fermi



Fermi LAT Pulsars
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http://tinyurl.com/fermipulsars
Figure: L. Guillemot & D. Smith
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CTA1

Vela Crab

Geminga

Fermi gamma-ray sky
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First Fermi-LAT discovery
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Searching for FAST Pulsars



Why the MeV range?
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Kuiper & Hermsen (2015) Harding et al. (2015)



MeV pulsars
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• Peak of emission 
below 1 GeV

• Typically young and 
very energetic, high 
B-field

• Often associated with 
SNRs, TeV sources

• Very few detected by 
Fermi LAT Kuiper & Hermsen (2018)



LAT detections of MeV pulsars

18

PSR B1509-58

E>60 MeVE>100 MeV
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Ohuchi et al. 2015 
(Fermi Symposium) 

Discovered in X-rays 
(Chandra/XMM)

Associated with SNR G76.9+1.0
Arzoumanian et al. (2011)

PSR J2022+3842



PSR J2022+3842
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• Young (< 10 kyr), 
energetic (3E37 erg/s)

• Associated with 
G76.9+1.0

• Very noisy

• Bright in X-rays, but 
radio faint

Credit: Brent Limyansky (UCSC)



PSR J2022+3842 (LAT)

21 Credit: Brent Limyansky (UCSC)
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Image credit: X-ray: NASA/CXC/Morehead 
State Univ/T.Pannuti et al; 

Radio: Molonglo Obs. Synthesis Tel.; 
Infrared: NASA/JPL-Caltech

Multi-wavelength view of 
SNRs (CTB 37A)



PSR J1714-3830

23
CTB 37A
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Preliminary

PSR J1714-3830

Derived properties:
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Glitches in PSR J1714-3830



Uncovering soft gamma-ray 
pulsars with X-ray telescopes
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XMM Observation of Fermi LAT Unassociated Source 



Galactic Center

27

• Bright gamma-ray source 
(known since 70s)

• Source confusion (diffuse 
emission)

• PSRs and DM predicted

• 2FIG Catalog: ~400 
sources, including dozens 
of likely pulsars

• GC excess can be due to 
800-3600 bulge PSRs

7.5 yr of data 0.3-500 GeV
Ajello et al. 2018
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The MeV gap

AMEGO
PANGU?
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https://asd.gsfc.nasa.gov/amego/

MeV telescopes
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Joint ESA-CAS proposal
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PANGU vs Fermi LAT
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PANGU 2019

• Support from Chinese Space Agency: SAST-Shanghai is looking for a 
science instrument on a planned satellite

• In July 2019, at the JICSS meeting (joint-lab w/ 18 Chinese Universities 
and HKU in Hong Kong) in Shanghai, a PANGU was selected

• A PANGU science “white book” is being re-written

• Work on updating the design study

• PANGU Science meeting held in Zhuhai (Oct 2019)

• HKU is revamping PANGU: enlisting international collaborators



Summary
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• Over 50 years after their discovery, we still don’t 
completely understand pulsars, however …

• Much of the recent progress in our understanding is 
coming from the numerous results from gamma-ray 
astronomy, primarily from Fermi-LAT.

• It is very challenging for Fermi-LAT to discover (or 
even detect) pulsars below 100 MeV … but we try. 

• The population of MeV pulsars may help us address a 
number of questions about pulsars and astrophysics 
in general. We need a new MeV telescope.
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