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Gamma-ray missions pre-Fermi

GALACTIC CAMMA - RAY EMISS ON

COS-B
(1975-1982):
~200,000 photons
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EGRET Pulsars / Fermi expectations

* Number of CGRO pulsars =7
(6 by EGRET)

* Number of “Gemingas” = 1
(Geminga)

- The “Geminga fraction” can tell
us about the different
mechanisms responsible for
radio and gamma-ray pulsations
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P~33mSEC P-150mSEC P-8ImSEC P~ 102mSEC P~39mSEC P~ 237 mSEC P ~ 197 mSEC
TIME IN FRACTIONS OF A PULSE PERIOD

Credit: D. Thompson

Gonthier, Van Guilder, & Harding (2004)

See also:
Yadigaroglu, I. -A. & Romani, Roger W. (1995)

“Estimates for the number of pulsars GLAST will detect in blind searches have ranged from tens to many hundreds. I
argue that the number will be near the low end of this range” - Scott Ransom, First GLAST Symposium (5-8 Feb, 2007)
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Fermi Gamma-Ray Space Telescope

e [aunchedJune 11, 2008
o Data taking in August

2008
® 15+ Years of Operation

® |wo Instruments
o LAT
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Fermi Large Area Telescope (LAT) sky

> |.7 billion “source”
photons!




Abdo et al. 2009

Early Science pulsar results
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The LAT Third Catalog of Pulsars (3PC)
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Data LAT Third Catalog of Gamma-ray Pulsars

» Data Policy - - : i
= Having discovered pulsations from nearly 300 rotation-powered pulsars, and steady point sources colocated with another 40

» Data Access millisecond pulsars (MSPs), the Fermi LAT established pulsars as the dominant GeV gamma-ray source class in the Milky Way.
. Among them are dozens of young radio-quiet pulsars discovered via pulsations in LAT data, dozens of radio-loud young and
* LAT Data recycled pulsars previously known from their radio pulsations, and dozens of MSPs detected in the radio following their discovery as

+ LAT Catalog

+ LAT Data Queries
+ LAT Query Results This catalog characterizes the known gamma-ray pulsars as uniformly as feasible using as much as 14 years of on-orbit data. The
+ LAT Weekly Files Third Fermi LAT Catalog of Gamma-ray Pulsars Catalog (3PC) paper details the catalog and its construction.

+ LAT Light Curve Repository
+ GBM Data

unassociated LAT sources.

Catalog Data Products
» Data Analysis
LAT Third Pulsar Catalog Paper

» Caveats Main catalog data file

» Newsletters o README_Pulsars_3PC_Catalog+SEDs.txt

Main catalog file (FITS format)

Main catalog file (Excel format)

Example Python script to read the catalog FITS file: Example_3PC_CatalogReader.py
Catalog BROWSE table (under construction)

» FAQ

o

°

Individual pulsar summary HTML pages
Timing model files (par files)
o README_3PC_TimingModels.txt
o 3PC_TimingModels_20230725.tgz
LAT SED plots for all pulsars:
o README_3PC_SEDs.txt
o Python script to generate SEDs from 3PC catalog: 3PC_SEDPlotter.py
o SED plots in single PDF file
o SED plots tar file (individual PDF, PNG, and ASCII files)
Pulse profile (LC) data and plots for all pulsars:
o README_3PC_ProfileData.txt
o Pulse profile plots in tar files (PNG format)
o Pulse profile plots in tar files (PDF format)
o Pulse profile data in FITS and ASCII format
o Example python script that reads ProfileData FITS files: Example_3PC_PlotProfileData.py
o Energy resolved pulse profile fits in tar file (PNG format)
o Energy resolved pulse profile fits in tar file (PDF format)

All-Sky Sensitivity map.
o README_3PC_Sensi
o 3PC_SensitivityMap_2023
o Python script to read map: Example_3PC_SensitivityMap.py

Combined tar file of all of the above products
Photon data files for each pulsar
3PC is now at the Fermi LAT Light Curve Repository (LCR). Scroll down to "Data Overlays” at the left and slide the 3PC
button to "on". The 3PC will now appear as a tab under "Catalog Sources". Clicking on one of the Source IDs in the table will
take you to the individual pulsar summary page.
Updates for post-3PC pulsar discoveries

o Gamma-ray PSR J1356+0230

o Gamma-ray PSR J2116+3701

o Gamma-ray PSR J2333-5526

https://fermi.gsfc.nasa.gov/ssc/data/access/lat/3rd PSR catalog/
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The Pulsar Consortia
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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)
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Monthly Notices

MNRAS 519, 5590-5606 (2023)
Advance Access publication 2023 January 6

https://doi.org/10.1093/mnras/stac3742

The TRAPUM L-band survey for pulsars in Fermi-LAT gamma-ray
sources

C.J. Clark “,123* R. P. Breton “,? E. D. Barr “,* M. Burgay *,° T. Thongmeearkom “,? L. Nieder “,1-2
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Affiliations are listed at the end of the paper

Accepted 2022 December 13. Received 2022 December 13; in original form 2022 October 14

ABSTRACT

More than 100 millisecond pulsars (MSPs) have been discovered in radio observations of gamma-ray sources detected by the
Fermi Large Area Telescope (LAT), but hundreds of pulsar-like sources remain unidentified. Here, we present the first results
from the targeted survey of Fermi-LAT sources being performed by the Transients and Pulsars with MeerKAT (TRAPUM) Large
Survey Project. We observed 79 sources identified as possible gamma-ray pulsar candidates by a Random Forest classification of
unassociated sources from the 4FGL catalogue. Each source was observed for 10 min on two separate epochs using MeerKAT’s
L-band receiver (856-1712 MHz), with typical pulsed flux density sensitivities of ~ 100 puJy. Nine new MSPs were discovered,
eight of which are in binary systems, including two eclipsing redbacks and one system, PSR J1526—2744, that appears to have a
white dwarf companion in an unusually compact 5 h orbit. We obtained phase-connected timing solutions for two of these MSPs,
enabling the detection of gamma-ray pulsations in the Fermi-LAT data. A follow-up search for continuous gravitational waves
from PSR J1526—2744 in Advanced LIGO data using the resulting Fermi-LAT timing ephemeris yielded no detection, but sets
an upper limit on the neutron star ellipticity of 2.45 x 1078, We also detected X-ray emission from the redback PSR J1803—6707
in data from the first eEROSITA all-sky survey, likely due to emission from an intrabinary shock.

Clark et al. 2023




X-ray observations still important

THE ASTROPHYSICAL JOURNAL LETTERS, 725:1.6-L.10, 2010 December 10 do1:10.1088/2041-8205/725/1/L.6

© 2010. The American Astronomical Society. All rights reserved. Printed in the U.S.A.

X-RAY PULSATIONS FROM THE RADIO-QUIET GAMMA-RAY PULSAR IN CTA 1*
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THE ASTROPHYSICAL JOURNAL, 743:74 (12pp), 2011 December 10 do1:10.1088/0004-637X/743/1/74
© 2011. The American Astronomical Society. All rights reserved. Printed in the U.S.A.

THE IDENTIFICATION OF THE X-RAY COUNTERPART TO PSR J2021+4026
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Variability in PSR ]2021+4026!
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Multi-messenger observations
of merging NS

Gamma rays, 50 to 300 keV GRB 170817A
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frequencies centered on known

A search around a narrow range of

ephemeris results in two peaks in

power spectrum

* Radio observations are planned
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Pre-glitch ephemeris
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Fermi in the era of TDAMM

%IGEDUBE

50m e e Y e

Updated = O1 02 w==03 = 04 05
2024-07-11

80 100 100-140 150 -160+ 240-325
Mpc Mpc Mpc Mpc Amundsen-Scott South
Pole Station, Antarctica

. :
LI G O IceCube Laboratory BHsuings fDOMS, A National Science Foundation=:
set 125 meters apart L
Data is collected here and managed research facilityy
X

sent by satellite to the data

warehouse at UW-Madison

30 40-50 50-80
- Mpe Mpc Mpc See text 1450 m -
Virgo = B -

0.7 1-3 =10 25-128 ‘; |
Mpc Mpc Mpc Mpc v I
KAG RA l l . Digital Optical i
Module (DOM) 2450m | I”’Il

5,160 DOMs g
I 1 I 1 I 1 1 1 deployed in the ice *
\

1 1 1] ] 1 1 1 1
G2002127-v26 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 R T S e SIS
Antarcticbedrock

j =

Credit: Rubin Obs./NSF/AURA

UNIVERSITY OF CALIFORNIA

s A SANTR ORI




Summary

® The success of Fermi LAT in the area pulsars cannot be attributed to one

single reason:

® The LAT was a giant leap in capabilities, brought about by
technology that was ripe for application to space

® New analysis tech
resources (e.g. Ein

niques (e.g. time differencing) as well as increase in
stein@Home) were crucial

® Good leadership and a strong collaboration (within the LAT and

with outside grou

DS, e.g. radio, X-ray) is key

® Publicly available ¢

ata and tools have been essential

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