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Pulsar (highly-magnetized rotating NS)

“... asupernova
represents the transition of an ordinary star in to a
neutron star ...”
- Walter Baade and Fritz Zwicky (1934)

Credit: NASA
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Pulsar Basics

Discovered ~ 60 years ago but
still not completely understood

Rapidly-spinning (0.1 Hz - 700 Hz),
highly-magnetised (I1E9 to |EI5 G)
neutron star (R ~ 10 km, M ~ Sun)

>3000 known pulsars

Two main “varieties”: young and
millisecond pulsars

multi-wavelength emission (over
20 decades)

Credit: NASA



Credit: D. Thompson



Gamma-ray missions pre-Fermi

GALACTIC CGANMMA - RAY EMISSE ON
LTI -

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

EGRET

Skymap E = 100 MeV
Phase 1 -4

1GOG+106 1510-08% acaTa

1622-253 1406-076

ICITS

QR27+243

Cygnus Region & Py
PSR1055-52

Geminga

3 4377 0598+134
PSR 1951+32 0528+134
Qa46+112
0235+164 . ' . Orlon Region

Vala

s . O637.441
0208-512 0537-441

R “ SAS-2 (1972-1973): ~8000 photons
EGRET (1991-2000): |.4E6 photons, ~300 sources
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Fermi LAT (2008 - ??)

Atwood et al. 2009

GPS timing ; accuracy ~ 300 ns

> | .5 billion “source”photons Abdollahi et al. 2020 (4FGL)
: See: Ballet et al. 2024 (4FGL-DR4)
(and counting)
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Early pulsar Science with Fermi

For GC on,
Abdo et al., Science, 325, 840 (2009): Gemingas e Chke et 1 209

Abdo et al., Science, 325, 845 (2009): Globular Clusters
Abdo et al., Science, 325, 848 (2009): P;]SPS



Blind Search Pulsars GC 47Tuc

Credit: A. Simonnet

Abdo et al. 2009
MSPs



Formed between LAT pulsar searchers and
radio astronomers (Smith et I%I. 2008, Ray et al. 2012)



Aharonian et al. 2005



Young gamma-ray binary pulsars

Camilo et al. 2009

Gamma-ray binaries: typically consist of
a massive star in orbit with a compact
object, often a pulsar.

Lyne et al. 2015



Radio follow-up observations

The Pulsar Search Consortium (PSC)

was set up to search for radio
pulsars in LAT sources/pulsars

(Ray et al. 2012)

Adapted from Saz Parkinson et al. 2010



J0318+0253

*



Clark et al. 2023



http://tinyurl.com/fermipulsars
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Smith et al. 2023 (3PC)



The LAT Third Catalog of Pulsars (3PC)

Smith et al. 2023

https://fermi.gsfc.nasa.gov/ssc/data/access/lat/3rd PSR catalog/
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56 ks Chandra observation (ObsID 11235,2010 August 27)
20

X-ray source dominated by
thermal (not power law)
emission.

One of 44 sources detected
ina 2010, 56 ks

Chandra observation.



~133 ks XMM-Newton Observation, 2012, April 11 (Obs. ID: 0670590101) L|n et a_l. 20 I 3
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(G291.0-0. |-)
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Variability in PSR J2021+4026!

Allafort et al. 2013 24

® Flux decrease (~20%)
around October 201 |

® Frequency spin down
rate increase (~5%)

® Changes in pulse profile
observed

The first variable gamma-ray

pulsar seen
by Fermi LAT



Gamma-ray/X-ray pulse shifts

Razzano et al. 2023
25

| 2 Years of data

100 MeV to 300 GeV
Full mission timing analysis

XMM Observation | and 2
roughly equal length (~130 ks)
separated by 3.7 yr



Variability in PSR 202 1+4026

https://fermi.gsfc.nasa.gov/ssc/data/access/lat/

LightCurveRepository/
Abdollahi et al. 2023 2



Fiori et al. 2024
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Cozzolongo et al. 2025
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Credit: NASA's Goddard Space Flight Center, Caltech/MIT/LIGO Lab and ESA
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Credit: Rubin Obs./NSF/AURA
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Summary

® Fermi LAT has revolutionized pulsar astrophysics (despite detecting only
~10% of known pulsars)

® |n addition to uncovering new populations of pulsars undetectable in
radio, it has enabled the discovery of a large number of (mostly
millisecond) pulsars

® The complementary characteristics (strengths and limitations) of
Fermi LAT, compared to radio telescopes, allows for a more
complete understanding of the pulsar population and associated
physics questions

® The extension of the Fermi LAT data set will open up (enable) new
possibilities for the study of gamma-ray pulsars (e.g. VHE)

® Fermi will continue to help uncover new pulsar surprises in the TDAMM
era, especially with the arrival of new survey instruments, including CTA.

Thank you





