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Motivation
Long-baseline, multi-wavelength (MWL), 
well-sampled, quasi-simultaneous data in the 
entire spectrum are needed: 

● For time-domain and multi-messenger 
astrophysics discoveries, e.g. TXS 
0506+056.

● To investigate active galactic nuclei 
(AGN) variability, e.g. structure, nature of 
particles in emission region, timescales 
of underlying processes and associated 
spectral changes.

Difficult to obtain observation over a long time, 
simultaneous, and in the entire spectrum. 

In the 𝛾-ray band, Fermi-LAT aperture 
photometry  LCs are easily contaminated by 
nearby variable sources.
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Blazar classification
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BL Lacs subtypes: Low-, intermediate- or 
high-synchrotron-peaked (LSP, ISP, HSP; Abdo et al. 
2010). Based in Padovani & Giommi (1995; ratio 5 
GHz/1 keV flux) for BL Lac objects: LBL, IBL, HBL. 



Blazar classification
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More recent classification based on the kinematics of jet radio components (Hervet et al. 2016):
● Class I: HBLs.
● Class II: FSRQs.
● Class I/II: IBLs, components close to the core in relative motion.



Blazar variability

● Variability timescales from years to minutes.
● Rapid variability challenge theoretical models:

○ Large δ (                                          )
○ Long cooling time in hadronic models
○ Can be produced by proton synch with very 

high energy protons & extremely large B.
● Possible quasi-periodic flux modulation.
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PG 1553+113: Period ~2yrs?

Ackermann et al. (2015)



Fermi-LAT
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Light curve analysis
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ApJ 891 (2020) 170

Multi-wavelength emission

https://ui.adsabs.harvard.edu/abs/2020ApJ...891..170V/abstract


Trends & flux-flux correlations
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Broadband SED: Low vs flaring states
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Dramatic synchrotron peak shift

Largest IR-X-ray synch. peak shift in a BL Lac.

Possibly due to more efficient adiabatic/advective 
cooling during the flare state.

11



12

ApJ 924 (2022) 95 

TeV FSRQs: PKS 1222+216 & Ton 599

https://ui.adsabs.harvard.edu/abs/2022ApJ...924...95A/abstract


3C 279
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3C 279
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Fluence distributions of the individual 
flare components and flares resolved 
for 3C 279 during the first 11 years of 
the Fermi-LAT mission.
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Fermi-LAT LCs.

Public database 
since Dec 2021.

Publication ready.

1525 sources 
(26% of 4FGL-DR2).

3-, 7- & 30-day 
cadence.

Spectral information.

Entire mission 
(> 15 years).

Continuously 
updated.

https://fermi.gsfc.nasa.gov/ssc/data/access/lat/lcr/
ApJS (2023), 265, 31

https://docs.google.com/file/d/1Wa5KQu3KgFNK6WGS8ghqkpJsq_K6pPhq/preview
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/lcr/
https://ui.adsabs.harvard.edu/abs/2023arXiv230101607S/abstract
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● Sources with variability index > 21.67 over 10 yearly points 
indicates <1% chance of being a steady source.

● Unbinned maximum likelihood, iterative, fit with decreasing 
tolerance [1, 1e-4, 1e-8].

● Only variable sources free in 12° ROI. Two-step fit strategy:
○ 1st fit: only normalization free & spectral index fixed to catalog value.
○ 2nd fit: normalization & a spectral index free; e.g. photon index for 

power-law or α for logparabola (β is fixed).
● Flux extracted when TS>1. 95% Bayesian ULs when TS<9.

A major challenge of producing 
likelihood light curves is the 
computational expense.

the LCR distributes the analyses 
of the light curve bins to separate 
nodes in a computer cluster 
hosted at the SLAC National 
Accelerator Laboratory.

LCR computational strategy



LCR population
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● 38% FSRQs, 31% BL Lac & 24% BCU of LCR sample, 
or 77%, 36% & 26% of their respective 4FGL-DR2 class.

Fossati et al. 1998; Donato et al. 2001 The Fermi-LAT Collaboration 2022

LCR population
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Website

Link to main page

Analysis description 
& caveats

Download codes
Also pyLCR

3PC source

IC error circle

2FLGC error 
circle

https://github.com/dankocevski/pyLCR


Diagnostic plots
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Two types of light curves:

● Index fixed
● Index free

Ton 599: Comparison of the fluxes in time 
bins obtained with the fitting pipeline 
keeping the spectral index fixed vs letting 
the spectral index be free. Empty circles
indicate results from analyses that did not 
converge.



Diagnostic plots
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FSRQ 4C +28.07 (0.1–100 GeV): Top panels show the case for which the spectral index is fixed. The bottom 
panels show the case for which the spectral index is free to vary. The ratio of flux to flux uncertainty (left 
panels) is expected to be approximately proportional to the square root of the test statistics.



Independent exposure analysis

LCR pipeline does not save exposure files: Independent 
analysis to obtain all-sky exposure maps for each time 
range & estimate exposure for each LCR source ROI (i.e. 
2.6K instead of 4M analyses). FSRQ GB6 J0742+5444
In the example above.

21



Scientific impact: Analysis methods

● Modeling weekly-timescale 
gamma-ray variability in blazars 
with self-supervised deep 
learning (Brill 2023, 
arXiv:2302.07700).

○ Model predicts the flux probability 
distribution at each time step.

○ Extract info on weekly-timescale 
flux distributions over time or 
between sources.

● LCR scientific impact 
discussions: arXiv.2210.12875, 
arXiv: 2308.12709.
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https://arxiv.org/abs/2302.07700
https://ui.adsabs.harvard.edu/abs/2022arXiv221012875T/abstract
https://ui.adsabs.harvard.edu/abs/2023arXiv230812709V/abstract


Scientific impact: Search for periodicity
● Quasi periodic oscillations (QPO) in AGN might 

indicate the presence of supermassive black hole 
binary systems or a precessing jet.

● Possible QPOs in optical data. Possible jet 
precession in radio observations. No conclusive 
QPO detection in γ-rays.

● Analysis must include trial factors (look-elsewhere 
effect).

● QPO studies with LCR data:
○ MWL periodicity search in a sample of γ-ray bright blazars 

(MNRAS 2023, 518, 57880).
○ Detection of possible transient QPOs in the γ-ray LC of PKS 

0244-470 & 4C+38.41 (ApJ 2023, 950, 173).
○ A 31.3 day Transient QPO in γ-ray emission from blazar S5 

0716+714 (ApJ 2022, 938, 8).
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MNRAS 2023, 518, 57880

Mrk 501
V band

1ES 1215+303, LAT, γ rays
ApJ 891 (2020) 170

B
efore  trial factors

A
fter trial factors

https://ui.adsabs.harvard.edu/abs/2023MNRAS.518.5788O/abstract
https://ui.adsabs.harvard.edu/abs/2022arXiv221100588D/abstract
https://ui.adsabs.harvard.edu/abs/2022ApJ...938....8C/abstract
https://ui.adsabs.harvard.edu/abs/2020ApJ...891..170V/abstract
https://ui.adsabs.harvard.edu/abs/2020ApJ...891..170V/abstract


Scientific impact: Flares & correlations

● Optical/γ-ray blazar flare correlations: 
understanding the high-energy emission 
process using ASAS-SN and Fermi LCs
MNRAS 2023, 519, 6349.

● Proton synchrotron, an explanation for 
possible extended VHE gamma-ray 
activity of TXS 0506 +056 in 2017 
(PhysRevD.106.123005).

● Spectroscopic reverberation mapping of 
Quasar PKS 0736 + 017: broad-line 
region and black-hole mass (MNRAS 
2022, 516, 2671).
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MNRAS (2023), 519, 6349

https://ui.adsabs.harvard.edu/abs/2023MNRAS.tmp...90D/abstract
https://ui.adsabs.harvard.edu/abs/2022PhRvD.106l3005S/abstract
https://ui.adsabs.harvard.edu/abs/2022MNRAS.516.2671P/abstract
https://ui.adsabs.harvard.edu/abs/2022MNRAS.516.2671P/abstract
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PKS 0700-465MG2 J043337+2905

PMN J1913-3630 S4 1726+45

4C 31.03

PMN J1830-4441

PKS 2204-54 PKS 2245-328

TXS 0007+205 TXS 0358+210

FSRQ
𝑧 = 0.603

FSRQ
𝑧 = 0.597

BL Lac
𝑧 = 0.97

LCR LCs

Enabling science: Community alerts

● > 52 Astronomer's Telegrams and Gamma-ray Circular Notices: 
https://www-glast.stanford.edu/cgi-bin/pub_rapid.

● Soon in astro-colibri.com.

https://www-glast.stanford.edu/cgi-bin/pub_rapid
https://astro-colibri.com/


● High level analyses of LCR data.
○ Flare selection to trigger alerts.
○ Variability characterization.
○ Spectral study.

● Next LCR reprocessing considered for 5FGL.
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Thank you!

Future work

User support: fermilcr@athena.gsfc.nasa.gov
Contribute through: GitHub Repository
Cite the LCR: ApJS (2023), 265, 31 & webpage.

mailto:fermilcr@athena.gsfc.nasa.gov
https://github.com/dankocevski/LightCurveRepository
https://ui.adsabs.harvard.edu/abs/2023arXiv230101607S/abstract
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/lcr/

