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Fermi Light Curve Repository

* A public library of publication ready light curves on time scales of days, weeks, and months for all
LAT sources deemed variable in the 4FGL

* Hosted at the FSSC, this library will serve as a general purpose repository for light curve data
* Consist of a full likelihood modeling of the source and surrounding region
* Provides flux and spectral index history over the lifetime of the Fermi mission

* Serves as a resource to the time-domain and multi-messenger communities by helping scientists
monitor interesting LAT sources and alerting them of new gamma-ray flares



Motivation

The long-baseline monitoring of the gamma-ray sky provided by the LAT has
been critical to time-domain and multi-messenger discoveries

* The TXS 0506+056 association suggested that astrophysical neutrinos
detected by lceCube could be attributed to high fluence AGN that
undergo intense flaring activity [Abbasi et al. 2022]

* Study AGN variability
e e.g. Lags in 3C 279 [Hayashida et al. 2012,2015]
* quasi-periodic variations in PG |553+1| |13 [Ackermann et al. 201 5]
* constraints on the rate of orphan flares [Liodakis et al. 201 9]




Sample Selection

* Start with the newly released Fermi 4FGL-DR2 catalog ; el ,
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* Select all sources with Variability Index > 21.67 2 W e

* A variability index of >21.67 over 12 intervals indicates 3 1.
<|% chance of being a steady source 2+ | ;
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* Results in 1525 sources (26% of the 4FGL-DR2 catalog) o I X el
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* Majority of sources are AGN (FSRQs, BL Lacs, BCU)
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Date Julian MET Photon Flux [0.1-100 Photon Flux  Photon Sun Fit MINUIT
{UTC) Date GeV] Error Index Distance Tolerance Return Log Photon Index ~
(photons cm ™2 5'1] {photons cm 2 Code
s'1}
Aug 08 2008 2454687 239889601 < 5.83e-8 -
Aug 152008 2454694 240494401 5. 8.44e-8
Aug 22 2008 2454701 241099201 . < 6.87e-8
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Sep 192008 2454729 243518401 5. 1.26e-7

Sep 26 2008 2454736 244123201 - 5.36e-8

T

bin1.log
bin2.log
bin3.log
bin5.log

Photen Index

binG.log
bin7.log
bind.lag

Oct (03 2008 2454743 244728001 v 7.44a-8 bin9.lag

1 L 1

bin10.log 2010 2012 2013 2014 2015 2017 2018 2019 2020
Date (UTC)

o 0 O 0 & O © o o

Oct 10 2008 2454750 245332801 5. 1.35ae-7

$2¢A20 Sv2335804 X 3ee- ‘ege- . y 19 pgs0dSiB

ASSOCIauons

. f-‘-ni;’-' 2 AT T e R i i Classificaticn: FSRQ

Fit Convergance Fit Tolerance Detection Ratio
Association: 4C +28.07

Association (FGL): 3FGL J0237.9+2848 o - ) L . .
MINUIT Return Code Distribution PyLikelihood Fit Tolerance Distribution Detection Distribution

Association (FHL): 3FHL J0237.8+2847




FSSC + HEASARC - Sciences and Exploration

N ASA National Aeronautics and Space Administration
b Goddard Space Flight Center

g Fermi LAT Light Curve Repository (LCR)

Catalog Search Catalog Map
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Future Work

* Automated secondary analysis of light curve data
* Flare identification via Bayesian block analysis
* Quiescent background estimation
* Variability characterization

e GCN notifications
e Allow users to subscribe to GCN alerts for flaring episodes of individual sources

* Finding new computational resources to carry out the LCR analysis
* The SLAC computer cluster has many users who can be impacted by heavy use
* Moving to a more dedicated or commercial solution could give us more flexibility

Please feel free to reach out if you would like to contribute!
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Analysis Logistics

* A major challenge of producing likelihood light curves is the computational expensive

* The computational overhead is tackled by parallelizing the full unbinned likelihood analysis with a

computer cluster at SLAC National Accelerator Laboratory using a distributed likelihood analysis
code developed for LIGO followup

* Each sky bin is analyzed on a separate node, same can be done for individual time bins

* The 3-day distributed unbinned likelihood light curves can then be generated in ~|5 minutes

Distributed TS Map

Distributed Light Curve
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Current Status

* The light curves for all 1525 sources in the repository are up to date
* Data will be continually updated as new data arrives

* The data portal is up and running at the FSSC
* https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository

* The data portal’s front end code is up on GitHub
* https://github.com/dankocevski/LightCurveRepository

* A python API package is also available to allow for direct access to the LCR database
* https://github.com/dankocevski/pyLCR



https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository
https://github.com/dankocevski/LightCurveRepository
https://github.com/dankocevski/pyLCR

4FGL J0237.8+-2848

4FGL J0237.8+2848

* |50 sources within 12 deg
e |5 variable sources

* Example of a source where the existing FAVA T oL cResians _
light curves would be of little use to T ol
characterize the region o »
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* Requires a full likelihood analysis that takes into
account the variability of all nearby sources
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Data Selection & Model Generation

e Data Selection

* Energy Range: |00 MeV to 100 GeV

* Event Selection: PBR3 SOURCE

* Instrument response function: PBR3_ SOURCE V3
* Acceptance cone (ROI): |2 deg

e Zenith angle cut (zmax): 90 deg

* Model Generation
* Galactic interstellar emission model: gll iem vO07/ fits
* |sotropic spectral template:iso PBR3_SOURCE_V3 vl
e Catalog: 4FGL-DR2 catalog (gll _psc_v27 fit)



Likelihood Fitting Strategy

* Use pylikelihood to perform unbinned analysis using MINUIT

* Perform a nested fixed and free spectral index fit
* First fit: only normalization set free and spectral index is fixed to catalog value
* Second fit: both normalization and spectral index are set free

* [terative likelihood fit using increasingly tighter fit tolerances
* Perform multiple fits using fit tolerances ranging from [, |-e4, | e-8]
* Implemented to minimize fit non-convergence

* Flux extraction occurs for both fixed and free index fits
* Flux is extracted for all fits that yield TS > |
* 95% Bayesian upper limits are also calculated whenever TS < 4 (~2 sigma)
* Users can then choose the minimum TS level for flux estimation



Number of Variable Sources In Each ROl

* Number of variable sources within 12 deg of each source in the sample

: Median = 16 sources

10 15 20 25 30
Number of variable sources within 12 deg




