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Fermi-LAT (Large Area Telescope)

NASAs Fermi Gomma-ray Space Telescope
Observing X-rays and Gamma-rays from low Earth orbit since 2008!

— energy range: 20 MeV to 300 GeV

Image credits: By NASA - https://science.nasa.gov/toolkits/spacecraft-icons, Public Domain, https://commons.wikimedia.org/w/index.php?curid=58291732
By NASA/DOE/Fermi LAT Collaboration - https://svs.gsfc.nasa.gov/11342 , Public Domain, https://commons.wikimedia.org/w/index.ohp?curid=72966833


https://commons.wikimedia.org/w/index.php?curid=58291732

Introduction

e Procedure: Study through the data using the 4FGL Catalog

o Light curves and Spectrum;
o Fractional Variability;
o Normalized Excess Variance.
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Introduction

e Procedure: Study through the data using the 4FGL Catalog

o Light curves and Spectrum;
o Fractional Variability;
o Normalized Excess Variance.

e Motivation:

o Use public Fermi-LAT data to evaluate AGN daily variability;
o Estimate the impact of including this variability on AGN populations
detectability with CTAQ.

e |Insummary:

o Look for “Variability Trends” (correlation) throughout different cadences;
o "How does variability affect the AGN population we might observe?"
o Extrapolate light curves to CTAO's energy range (AGN Long-Term Monitoring).
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o 4FGL:the Fourth Fermi LAT Source Catalog of y-ray detection
e Energy range: from 50 MeV to 300 GeV
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Image credit: https://svs.gsfc.naso.qov/11342 Fermi LAT 60-month imoge


https://svs.gsfc.nasa.gov/11342

Most of the sources are blazars!
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https://fermi.gsfc.nasa.gov/science/eteu/agn/

FSSC - HEASARC - Sciences and Exploration
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N A\" National Aeronautics and Space Administration
\")A Goddard Space Flight Center

@ Fermi LAT Light Curve Repository (LCR)
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https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/

Catalog divided into 3 blazar classes

DR3 Catalog with 3814 sources

e Low Synchrotron Peak: 1699
e Intermediate Synchrotron Peak: 536

e High Synchrotron Peak: 590

log vf(v) (arbitrary units)

that totalize 2825 sources with a
Synchrotron Peak label

log frequency v (Hz)

Downloaded 1429 valid light curves |

Image credit: Abdo et al. 2010 Luana Passos Reis -7



Variability in Blazars
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e Particles are being accelerated and emits radiation from magnetically dominated
processes in the inner region of the jet;

e Blazars are one of the most variable extragalactic object:
strong broad-band emission ranging from radio to TeV energies!
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Photon Flux (0.1-100 GeV ph cm~? s71)

Photon Flux (0.1-100 GeV ph cm~2s71)

o
o

Photon Flux (0.1-100 GeV ph cm~? s71)

»
«»

o = K N N W w A
W 5 & o w e u o

o
°

a

w
n

- e NN W
© w o in o

o
o

>
7

©O = K N N W W A
& o in o @ o u o

o
o

5

le-7 4FGL+J2256.0-2740 Light Curve -- 3-days cadence
| [ 1] 3

*  Flux Points
Upper Limits

2008 2016 ‘ 2012 ‘ ‘2016 2018 2020 2022 2024
Date (UTC)
le-7 4FGL+)2256.0-2740 Light Curve -- weekly cadence
*  Flux Points
Upper Limits .

2010 2012

2008 2016 2018 2024
Date (UTC)
1e-7 4FGL+J2256.0-2740 Light Curve -- monthly cadence
*  Flux Points
Upper Limits

I
A ik M&u Ui utm\q oy

2008 2010 2012 2014 2016 zona 2020 2022 2024
Date (UTC)

Luaona Passos Reis - 9



Fractional Variability Parameter
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Vaughan et. al 2003
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Normalized Excess Variance
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Selecting bright sources & Treating outliers points

e Remove the sources (monthly timescale) with
m N° Upper Limits > n° flux measurements

e Remove, from the json file of each source, the flux points in
which
m flux_error =0
m fit_convergence |=0

e Make the point an Upper Limit if

m 15<10
(minimal Test Statistic: significance of the detection)

Luona Passos Reis - 12



Selection of Sources

e Selection of sources which show significant variability on a
monthly timescale

O'JZVXS (monthly) — 3 % err[O'IZVXS](monthly) >0

e \erification of 3-day timescale variability against monthly
timescale variability

Luaona Passos Reis - 13



Selection of Sources

e Selection of sources which show significant voriobg\y on a
mor)j-lﬁhl +timnc~nlan /

Selected 4/6 sources!

o'IZVXS ) > ()

including the brightest known TeV blazars

(e.9. Mkn 421, Mkn 301,

° Veri PKS 2155-304 & PG 1553-113) nthly
time y

Luana Passos Reis - 14



Preliminary Results

Excess Variance - 3days Distribution Excess Variance - Monthly Distribution
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Preliminary Results

Normalized Excess Variance Monthly vs. 3-day cadences
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Dividing into subgroups

Normalized Excess Variance Monthly vs. 3-day cadences
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Look more careful into the lightcurves!

len(red_sources) Normalized Excess Variance Monthly vs. 3-day cadences
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Deviation includes important information

Mkn 421
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Deviation includes important information

Mkn 421
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Selecting the blue sources

LR B Normalized Excess Variance Monthly vs. 3-day cadences

28 —— 2nd Cut: y = 5.47e+00 * x~1.80

¢ Red Sources
¢ Blue Sources
Orange Sources

(€]

10° * o
red_sources

['J0102.8+5824",
'J0137.0+4751", 102 -
'J0221.1+3556",

'J0222.6+4302",
'J0237.8+2848",
'J0238.6+1637"',
'J0303.6+4716",

1]
'10533.3+4823", 3
'10607.4+4739",
'10818.2+4222",
'0921.6+6216",
']1015.0+4926', 10° -

'11033.9+6050",
'J1037.7+5711",
'J1058.6+5627",
'J1104.4+3812",
'J1159.5+2914", 101 4
'11248.3+5820",
'J1329.0-5607",
'J1517.7-2422",
'J1650.3-5045",
'J1733.0-1305", 10724
'J1911.2-2006",
'J1941.3-6210",
'J2009.4-4849", . . . :
'J2158.8-3013", 1072 1071 10° 10! 102 103

'32236.5-1433", 2 4+ 2
15508 3 40EET) Ofixs * err(ofixs) (monthly)

Luaona Passos Reis - 20



Preliminary Results

Normalized Excess Variance Monthly vs. 3-day cadences
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Ofixs £ err(ofys) (3-day)

100 .

Normalized Excess Variance Monthly vs. 3-day cadences

Normalized Excess Variance

1

107t

100

Ofixs = err(ofys) (monthly)

Luana Passos Reis - 22



Try to set a correlation fit

10t Normalized Excess Variance Monthly vs. 3-day cadences

—— Fit: y = 8.04e-01 * x"1.32
Normalized Excess Variance
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Try to set a correlation fit

10t Normalized Excess Variance Monthly vs. 3-day cadences

—— Fit: y = 8.04e-01 * x"~1.32
Normalized Excess Variance
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Summary of results until now
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e Fermi-LAT only has made available the F_var calculations for the Year

cadence
e We have F_var calculations for 3-day, Weekly and Monthly cadences

e TJo Cross-Check: We are using the History-Flux from the 4FGL to simulate their
F_var calculated for year cadence as in S. Abdollahi et al 2020 (apeJs 247 33).
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Cross-Check of F_var in Year cadence

Year Cadence: Flux History w/ Fluxy, ~ 0, taking higher uncertainty

« w/o Upper Limits
- w/ Upper Limits

e Using the Flux History from the
4F GL to compare our calculations
with their year F_var

254

20

e Consistent results for Year

7 Variability!
15 e

Fvar (4FGL)

e Until now we have only used
actual Flux Measurements

e We are treating and analyzing
how to include Upper Limits in the
analysis

05

0.0

0.0 05 10 15 20 25
Fvar (Luana) Luona Passos Reis - 25



e | ook more careful into the lightcurve of the sources that deviate;
e Include Upper Limits in the analysis;

e ook for a correlation of the variability with:
o Free Index;
o Synchrotron Peak;

e Extrapolate the light curves using Gammapy in the AGN Long-Term
Monitoring task force;

e |n order to:
o Find the observing time that CTAO will need for each source
o Estimate what CTA will be able to detect and how variability offects
the size of the population we identify

Luana Passos Reis - 26



Thanks! hy
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Before and After Outlier Treatment

plot_lc('4FGL+J1512.8-0906.json', 8e-6, '3-days')
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Before and After Outlier Treatment

plot_lc('4FGL+J1911.2-2006.json', 8e-6, '3-days') plot_lc('4FGL+J1911.2-2006.json', 8e-6, '3-days')

4FGL+J1911.2-2006 Light Curve -- 3-days cadence
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Preliminary Analysis

Comparison of Excess Variance between 3-day and Monthly Data (log scale) Comparison of Excess Variance between 3-day and Monthly Data (log scale)
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0fxs * err[ofixs] (monthly binning)

Preliminary Analysis

Normalized Excess Variance - SED Classes
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Preliminary Analysis

Normalized Excess Variance - PL Index Normalized Excess Variance - PL Index
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MHD simulations and
particle acceleration:
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© Magnetic Reconnection around Black Holes
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