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PSR J2021+4026
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Abdo et al. 2009

Credit: A. Simonnet

PSR J2021+4026: an early blind search pulsar
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Abdo et al. 2009

Credit: A. Simonnet

PSR J2021+4026

PSR J2021+4026: an early blind search pulsar
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56 ks Chandra observation (ObsID 11235, 2010 August 27)

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

emission.
One of 44 sources detected 

in a 2010, 56 ks
Chandra observation.
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Radio follow-up observations

Adapted from Saz Parkinson et al. 2010

The Pulsar Search Consortium (PSC) 
was set up to search for radio 
pulsars in LAT sources/pulsars 

(Ray et al. 2012) 

5



6

Search for optical counterpart

• Observed with Gran 
Telescopio Canarias (GTC) 
@ La Palma

• OSIRIS camera with 7’.8 x 
7’.8 FoV and 0’’.25 pixels.

• 3σ optical upper limits from 
RMS background

• r’=25.3

• g’=26.1
Credit: R. P. Mignani 



X-ray pulsations
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Lin et al. 2013∼133 ks XMM-Newton Observation, 2012, April 11 (Obs. ID: 0670590101)
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Variability in PSR J2021+4026!

• Flux decrease (~20%) 
around October 2011

• Frequency spin down 
rate increase (~5%)

• Changes in pulse profile 
observed

Allafort et al. 2013

The first variable gamma-ray 
pulsar seen 

by Fermi LAT



Variability in PSR J2021+4026
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https://fermi.gsfc.nasa.gov/ssc/data/access/lat/
LightCurveRepository/

Abdollahi et al. 2023
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PSR J2021+4026

Fiori et al. 2024



Gamma-ray/X-ray pulse shifts
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Razzano et al. 2023

• 12 Years of data

• 100 MeV to 300 GeV

• Full mission timing analysis

• XMM Observation 1 and 2 
roughly equal length (~130 ks) 
separated by 3.7 yr



Possible interpretation (toy model)

12Credit: A. Harding

• X-ray emission consistent with 
heated polar cap

• Phase shift could be related to a 
change in the connection of the 
dipole field with the inner 
quadrupole field component close 
to neutron star surface.

• Mode changes could affect the 
accelerating electric field

• Repeating nature of mode 
changes suggests a periodic 
reconfiguration of the 
magnetosphere
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NICER

Energy Range

0.2 - 12 KeV
Effective Area FOV

30 arcmin2

PointedTime Resolution

<300 ns

(Neutron Star Interior 
Composition Explorer)
Launched: 3 June 2017, 

on a SpaceX Falcon 9

56 X-ray “concentrator” telescopes
with Silicon-drift detectors



14

NICER Monitoring Observations

Credit: NASA
https://heasarc.gsfc.nasa.gov/docs/nicer/ N3 intern Pranav Shankar project

https://n3.sonoma.edu/
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Summary

• PSR J2021+4026, in the Gamma-Cygni SNR, discovered in 
early blind searches of Fermi LAT data is one of the 
brightest, most energetic radio-quiet gamma-ray pulsars.

• It exhibits quasi-periodic mode-changing episodes every 
3-4 years, making it the first variable gamma-ray pulsar, 
unique among the overall gamma-ray pulsar population.

• X-ray pulsations of PSR J2021+4026 enable the joint 
study of this unique system and show hints of possible 
magnetospheric effects related to the mode-changing 
episodes, leading to shifts in the gamma-to-X-ray phase.
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