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AGN vs. Gamma-ray AGN - reminders

An Active Galactic Nucleus (AGN) is a bright core of a galaxy, probably 

powered by a supermassive black hole. There is a whole “zoo” of AGN 

types.  ~90% of AGN are radio quiet. 
Almost all gamma-ray 

AGN are in the radio-loud 

branch. 

Gamma-ray AGN are the 

dominant source class at 

GeV energies and a major 

source class at TeV

energies. 
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Why? Some gamma-ray AGN science questions
What powers the jets of supermassive black holes? 

What causes the variability time scale to be so short during intense flaring 

periods? 

Do shocks or turbulence in blazar jets accelerate the ultra-high energy 

cosmic rays, or do UHECRs have a different origin? 

What acceleration and radiation physics explains the peak synchrotron and 

Compton frequencies of blazars of different types? 

Are gamma-ray AGN a source of high-energy neutrinos?

What can gamma-ray AGN reveal about extragalactic background light and 

extragalactic magnetic fields?

How much can we limit the dark-matter cross section by modeling the 

gamma-ray background light?

Adapted from Dermer and Giebels (2016)
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Multiwavelength nature of gamma-ray AGN

This Spectral Energy 

Distribution of 3C279 

illustrates how gamma-

ray AGN span the 

electromagnetic 

spectrum.

This importance was 

obvious even 25 years 

ago. 
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More than just detectability or variability, multiwavelength observations 

provide ESSENTIAL information to understand gamma-ray AGN. 

Examples:
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Multiwavelength nature of gamma-ray AGN

• Distance – redshift

• Composition – spectroscopy

• Mass  

• Precise imaging

• Velocities

• Polarization

• Magnetic fields



Data Sharing – A Critical Fermi Starting Point
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Once Upon a Time …

Astrophysicists used to treat data and results 

sort of the way mythological dragons treated 

gold – we sat on them, polished them, 

squeezed every result out, and only shared 

by published papers. 

There have been valid reasons for being “dragons”:

• Communication was difficult

• Multiwavelength resources were limited

• Gamma-ray data analysis was time-consuming

• Systematic uncertainties were hard to quantify

AND

We wanted a fair return for the time we invested building the instruments. 

The term “multiwavelength” was almost unheard of before the emergence 

of the World Wide Web in the mid-1990s. 
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Before the GLAST Launch (pre-renaming to Fermi)

The Large Area Telescope (LAT) Collaboration included some “dragons” who 

were reluctant to share any data. 

Collaboration members who had multiwavelength experience argued that 

the project would be a scientific disaster if we could not be fairly open with 

the gamma-ray data. 

NASA Headquarters pressured the team into a compromise: data release 

would be limited in the first year after launch, to allow checkout and testing, 

but after that all gamma-ray data would become public immediately. 

That critical decision to make data public has been the driver for the Fermi 

multiwavelength program. 9



The Fermi Data-sharing Implementation

The Fermi Science Support Center (FSSC) is the central element in sharing. 
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Includes:

Data/software 

distribution

Help desk

Guest Investigator 

program

Users group  - advisers

Press and outreach 

activities



The Fermi Blogs
For a while, the Fermi Project shared information via blogs, including 

information about which sources were active.  
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This information might have been 

useful for multiwavelength studies, 

but in practice almost no one read 

these blogs.  We finally 

discontinued them. 



Next Steps by the Fermi-LAT Collaboration

The basic agreement was to deliver the gamma-ray data, software that 

would allow anyone to analyze the data, and documentation. 

The LAT team also agreed to provide some higher-level data products 

that would encourage multiwavelength studies:
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Source catalog in machine-readable form 

for analysis and plotting

Pulsar timing information 

Light curves (daily and weekly) for a 

selected set of about 20 sources, mostly 

AGN, based on the LAT team Automated 

Science Processing (ASP), which runs 

automatically once data are available.  

PKS 0538+134, one of the original AGN in this 

Monitored Source List based on activity during the 

Compton era, has been largely quiet in the Fermi era. 



Fermi-LAT AGN Multiwavelength Strategy – Basic Idea

• We take advantage of the Fermi all-sky monitoring capability to offer useful information 

to the multiwavelength community.  We recognize that even though the LAT data are 

public, most astrophysicists do not want to spend time learning how to do gamma-ray 

data analysis. 

• By example and by direct communication, we promote the idea to other astrophysicists 

of making at least some data public in useful formats.  This is nothing unique to Fermi; 

various other groups were already doing this. 

• We encourage other scientists to work with us on multiwavelength/multimessenger

projects.  Not everyone will choose to do that.  We accept that risk, but we make the 

offer in the interest of maximizing the scientific return from the Fermi-LAT data.  We have 

set up Memoranda of Understanding with many groups to work on joint projects. 

Three applications of these principles are monitoring, pre-planned campaigns, and rapid 

responses to events of interest. 
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Fermi-LAT AGN Multiwavelength Strategies – Monitoring Programs

Since AGN are highly variable, one goal is to compare variability patterns.  Differences 

(or lack of those) shed light on where and how the radiation is produced. 
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Discrete Cross Correlation Function for 

3C454.3

Analysis tools like the Discrete Cross 

Correlation Function can extract the 

needed information – but only if 

simultaneous (or at least 

contemporaneous) data are available. 

Monitoring of AGN without regard to 

the level of activity provides the data 

needed to carry out such analysis.  



Fermi-LAT Quicklook – the Monitored Source List

Publication of these automated daily and weekly source fluxes has been expanded 

since the mission started (https://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc/) :
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New sources are added when the LAT daily flux above 100 MeV reaches 1 x 10-6 ph cm-2 s-1.  

Over 180 AGN are now part of this list.  Example: PKS 0346-27 was only added in early 

2018.  It has remained fairly active since then.  These light curves are updated daily. 

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


Fermi-LAT Quicklook – Aperture Photometry Light Curves

These are 30-day light curves for all known Fermi-LAT sources, with energies above 

100 MeV, based on 1 degree apertures (with no background subtraction). 

(https://fermi.gsfc.nasa.gov/ssc/data/access/lat/10yr_catalog/ap_lcs.php )  :
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These light curves are updated weekly.  The analysis also shows the power spectra of the 

light curves between 65 days and the length of the light curve.  This is the 4FGL-DR2 source 

corresponding to PKS 0346-27, the same source shown on the previous slide. 

https://fermi.gsfc.nasa.gov/ssc/data/access/lat/10yr_catalog/ap_lcs.php


Fermi All-sky Variability Analysis (FAVA)

FAVA is a photometric analysis of the LAT data on weekly intervals, in two energy 

ranges: 100-800 MeV and 800 MeV – 10 GeV 

(https://fermi.gsfc.nasa.gov/ssc/data/access/lat/FAVA/index.php) :
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A list of flares 

is produced 

every week.

The analysis 

is not limited 

to known 

sources.  

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


Fermi All-sky Variability Analysis (FAVA) – light curves

Because FAVA is a photometric analysis of the LAT data, it can generate a weekly light 

curve for ANY point in the sky.
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This is the light 

curve for one of 

the Monitored 

Sources, PKS 

0346-27 (the 

same source 

shown in a 

previous slide).



Publication-quality Fermi-LAT Light Curves – Coming Soon

None of the previous methods produce light curves with a full maximum likelihood 

analysis including all backgrounds and nearby sources.   These other methods are 

useful for qualitative inspection of variability trends, but not for quantitative analysis 

or publication.  The LAT team, led by Daniel Kocevski, will soon be releasing a 

repository of publication-quality light curves for all 4FGL-DR2 variable sources (1525 

of these), with time bins of 3 days, 1 week, and 1 month.  
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This is a sample 3-day light 

curve for 4C +28.07

The plan is to update these 

light curves regularly, making 

them useful for 

multiwavelength analysis. 



Monitoring time-resolved energy spectra?

The Fermi-LAT public monitoring data do not include any information 

about time-resolved energy spectra.  Flux values are not particularly 

sensitive to the spectral shape.  The Automated Science Processing does 

construct a power-law spectrum for each source (typically with large 

uncertainties), but we know that many LAT sources are not well 

represented by this functional form, so making those public would not be 

scientifically valid.  

The basic issue is that on short time scales, the LAT data are usually 

limited by photon counting statistics. 
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What about identifying gamma-ray time features?

Uncertainties due to limited counting statistics can challenge the separation of real 

variability from statistical fluctuations. The tendency has been to divide data sets “by 

eye.”  There are quantitative ways to handle this issue:
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Jeff Scargle developed the Bayesian Block method of 

identifying significant changes in data without relying on 

binning 

https://arxiv.org/abs/1207.5578

A complementary approach is adaptive 

binning, developed by Benoit Lott and 

colleagues

https://arxiv.org/pdf/1201.4851.pdf

https://arxiv.org/abs/1207.5578
https://arxiv.org/pdf/1201.4851.pdf


Fermi-LAT promotion of multiwavelength monitoring

A number of groups across the electromagnetic spectrum have already made 

monitoring data available for quite a few sources – Examples include OVRO, MOJAVE, 

Catalina Sky Survey, WEBT/GASP, Tuorla, SMARTS, Swift, Fermi.  The Fermi Project 

and the Fermi-LAT team have been encouraging programs like this.  Some of these 

have been supported by the Fermi Guest Investigator program. For sources that 

happen to be monitored, data are readily available when interesting events occur. 
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Links to many of these resources are publicly available at 

https://confluence.slac.stanford.edu/display/GLAMCOG/Fermi+LAT+Multiwavelength+Coordinating+Group

OR

https://fermi.gsfc.nasa.gov/ssc/observations/multi/programs.html

One way the LAT team has encouraged cooperation is to make sure we reference 

ANY data source, even if the data are public. 

https://confluence.slac.stanford.edu/display/GLAMCOG/Fermi+LAT+Multiwavelength+Coordinating+Group
https://fermi.gsfc.nasa.gov/ssc/observations/multi/programs.html


Fermi-LAT promotion of multiwavelength monitoring
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For blazars, one particularly useful link is the one by Matt Lister that lists which observatories are 

monitoring which blazars: http://www.physics.purdue.edu/astro/MOJAVE/blazarlist.html

This list is updated regularly. Here is a segment of that list, showing the most heavily monitored blazars:

http://www.physics.purdue.edu/astro/MOJAVE/blazarlist.html


Monitoring programs cover only a fraction of the known gamma-ray AGN, and 

different monitoring efforts cover different sources.  An obvious alternative to relying 

on monitoring is to organize multiwavelength campaigns on specific sources of 

interest.  

Organizing a multiwavelength campaign is a LOT of work, starting with deciding on a 

source and then finding the resources to make the observations.  The LAT team tried a 

general organizing system:
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Fermi-LAT AGN Multiwavelength Strategies – Planned Campaigns

This top-down 

sort of planning 

did not turn out 

to be a very 

useful exercise. 



The LAT Collaboration experience is that multiwavelength campaigns are largely 

driven by individual scientists who have a vested interest in particular sources.  Often 

this happens because they have access to observing facilities that can provide critical 

information, because they have some prior experience with these sources, and 

because these sources have some interesting properties. 

25

Fermi-LAT AGN Multiwavelength Strategies – Planned Campaigns

An example is work on 4C +01.02, which 

was listed on the previous slide. This 

group has time on the South African 

Large Telescope (SALT), which can do 

polarimetry.  The blazar is a fairly distant 

one, with z = 2.1. It has shown significant 

gamma-ray variability in the past 

(https://www.astronomerstelegram.org/?

read=8319) .
Schutte et al. 2021 Fermi Symposium

https://www.astronomerstelegram.org/?read=8319


26

Fermi-LAT AGN Multiwavelength Strategies – Planned Campaigns

The most extensive 

multiwavelength campaigns 

involving gamma rays have 

been those on Mrk 421 and 

Mrk 501.  This listing of 

participants in one of those 

gives an idea of how much 

effort is involved. 

Congratulations to David 

Paneque and other 

participants for their work on 

these. 



27

Fermi Observatory Support for Planned Campaigns

The Science Support 

Center provides 

information about the 

observatory in support 

of multiwavelength 

campaigns, including a 

form for observers to 

tell the project about 

planned campaigns.  

That alerts the 

operations team not 

to schedule 

calibrations that would 

conflict. 
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Fermi-LAT AGN Multiwavelength Strategies – Planned Campaigns

https://confluence.slac.stanford.edu/display/GLAMCOG/Contact+Information+for+Individual+Sources

Is a list of LAT team members who would be contact persons for multiwavelength campaigns on 

particular sources. These are AGN that have been bright enough to have warranted a LAT 

Astronomer’s Telegram.  

https://confluence.slac.stanford.edu/display/GLAMCOG/Contact+Information+for+Individual+Sources
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Fermi-LAT AGN Multiwavelength Strategies – Rapid Responses

Particularly for an instrument like the Fermi LAT, which views the entire sky regularly, 

alerting the multiwavelength community to interesting activity in the gamma-ray sky is 

critical to making best use of our data.  We use a variety of ways to report AGN activity.

GCN Notice
GCN Notices

https://gcn.gsfc.nasa.gov/fermi_lat_mon_trans.html

Gamma-ray Coordinates 

Network (GCN) Notices 

for Fermi-LAT AGN flares 

are generated 

automatically by software 

running on the 

Automated Science 

Processing data stream, 

based on an increase in 

the daily flux compared to 

two weeks’ previous flux 

values. 
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Rapid Responses – the Fermi-LAT Flare Advocate Program

Flare Advocates are volunteer members of the LAT Collaboration who take one-week shifts, 

running a set of analysis scripts (written primarily by Denis Bastieri and Sara Buson) on the 

LAT data daily.  The resulting report about all bright sources seen on 6-hour or daily time 

scales is then sent to the full team of Flare Advocates.

Flare Advocates 

prepare Astronomer’s 

Telegrams for flaring 

sources.  The Flare 

Advocate typically 

becomes the “friend of 

the source” who would 

follow up on any 

multiwavelength 

campaign. 
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Rapid Responses – the Fermi-LAT Flare Advocate Program

The Flare Advocate reports include approximate spectra and lists of gamma rays with 

energies above 10 GeV whose arrival directions are consistent with locations of known 

sources.  If a spectrum is hard enough or if there are enough gamma rays from a source of 

possible interest, we can send an e-mail to the TeV facilities with whom the LAT team has 

Memoranda of Understanding (MOUs).  Here is a sample of a recent message. 
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Rapid Responses – the gammamw mailing list

Another method of distributing information is the gammamw mailing list.  This is a 

moderated mailing list limited to any persons interested in gamma-ray multiwavelength 

studies. Messages are archived. https://lists.nasa.gov/mailman/listinfo/gammamw

Gammamw mailing list
This mailing list 

seemed like a good 

idea, but it has not 

been extensively 

used. 

https://lists.nasa.gov/mailman/listinfo/gammamw
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Although we often think of transients as primarily dealing with gamma-ray 

bursts, we know that GCN is already being used to distribute information about 

AGN flares and neutrino alerts. Two data management systems that are under 

development are outlined on the following slides, courtesy of Judy Racusin. 

With the emergence of observatories like the Zwicky Transient Facility and 

the Vera Rubin Observatory (LSST), which can generate vast numbers of 

transient notices, new systems of data sharing have become essential.  

Brokers are needed to manage the data streams (see 

https://www.lsst.org/scientists/alert-brokers for information) and distribute 

information.  Merging those with existing systems is a challenge. 

Rapid Responses – the future

https://www.lsst.org/scientists/alert-brokers


Time-domain Astronomy Coordination Hub (TACH)
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SCiMMA: Scalable Cyberinfrastructure to support Multi-Messenger Astrophysics
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The TACH and SCiMMA groups are working to develop compatibility. 



How the Pieces Fit Together – An Example
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The story started with the GCN Circular shown below, announcing a 

high-energy neutrino event seen by the IceCube observatory. 



How the Pieces Fit Together – An Example
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A few days later, I was in Amsterdam attending a meeting about 

transients, when we received this message from Yasuyuki Tanaka: 

Elements

Catalog

FAVA

Atel

E-mail



How the Pieces Fit Together – An Example
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The next steps:  The Flare Advocates worked on the ATel, I sent an 

e-mail to the TeV community, and I talked to people at the meeting. 

By this time, we 

already knew 

that this blazar 

had brightened 

in the optical 

and radio bands 

as well as in the 

Fermi-LAT 

energy range. 



How the Pieces Fit Together – An Example
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Encouraged by Anna Franckowiak, I contacted the IceCube Collaboration to 

suggest a joint paper  (Fermi-LAT does have an MOU with Ice Cube). 

Meanwhile, the MAGIC team was making TeV

observations and obtained a detection of this 

blazar. 



How the Pieces Fit Together – An Example
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The outcome was a multimessenger paper in Science, a U.S. National 

Science Foundation press conference, and extensive press coverage. 

Considering that this was essentially a 3 sigma result, its impact was 

significant primarily because all these groups cooperated.  



Summary
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The Fermi Large Area Telescope AGN multiwavelength experience 

has been focused on public sharing of information that could assist 

any type of multiwavelength/multimessenger research. 

This information has included a variety of AGN monitoring 

information, links to resources at other wavelengths, and rapid 

sharing of AGN activity. 

Although not all the LAT methods have been successful and there is 

always room for improvement, multiwavelength AGN research 

seems to have been successful in the Fermi era. 

The Fermi-LAT Collaboration looks forward to continued 

cooperative efforts in the CTA era. 


