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b ermi Introduction

“ GRAES

IPARCOS

Copyright: Aurore Simonnet, Sonoma State University
(Adapted by M. Gierlinski)

e AGN: variability 1n the overall
electromagnetic spectrum

e Pattern — Periodicity

e Different strategies in the
literature:

O

one object by means of
a few (two) analysis
algorithms

cross-correlation with
other data of different
wavelength 2



Fermi-LAT K/j GAF ¥

IPARCOS

o Fermi-LAT (launched 11th July 2008)

e Fast Orbit (95 min)
Large freld of view (2 sr)

}_ Mbnitoring Sources (scanning the sky each 3 hours)

Detect y rays by producing an electron-positron pair in the detector
Energies ranging: = 20 MeV > 300 GeV




-~ Data sample

amma-ray

e ~2000 AGN (3FGL+2FHL+3FHL catalogs)
e 2Ist August 2008 - 7th September 2017

e Light-curve monthly binned: 28 days

e Data processing:

o Integral Energy Flux above 1 GeV
o Energy Flux Upper limits for TS<4 = 2¢

“ GAES

IPARCOS
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o crml Methodology ) GAES

Gammaray . Yy IPARCOS

GAMMA-RAY
SOURCES

LONG-TERM
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s, ermi Periodicity Detection Methods % GRES

Gamma-ray IPARCOS

/ Spare Teles(ope

Lomb-Scargle

Power-Law Fitting

Vaughan, 2005

Simulated-LCs

’ Connolly, 2015 ‘
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<, ermi Periodicity Detection Methods % GRES

Gamma-ray IPARCOS

/ Spa(e Teles(ope

Dispersion
Minimization

PyAstronomy

Fisher' Method of
Randomization

Linnell Nemec, A. F. and
Nemec, J. M. 1985

Lomb-Scargle
Power-Law Fitting

Vaughan, 2005

Bootstrap
astroML ‘

REDFIT ‘

Simulated-LCs

| connolly, 2015
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o crm Periodicity Detection Methods % GRES

/ Gamma-ay IPARCOS
Space Telescope

Wavelets
_owr _wwz

REDFIT

pycwt Pyleoclim N ; Schulz and Mudelsee, 2002

Phase

Welch's Method (DFT)

Fisher' Method of ‘ Bootstrap

2 R astroML ‘
Randomization
Simulated-LCs

‘ Emmanoulopoulus, 2013 ‘

Linnell Nemec, A. F. and
Nemec, J. M. 1985

Connolly, 2015
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o crm Periodicity Detection Methods % GRES

{ Garmaay IPARCOS
Space Telescope

Welch's Method (DFI') 5

Fit to a Sinusoidal Function R | sary |

Fisher' Method of

at f » '- B Randomization
emcee e, i Bl || Linnel Nemec,A.F. and REDFIT
] . f B Nemec, 1. M. 1985
. » Schulz and Mudelsee, 2002
- 7 7 7. g i N s I

Bayesian QPO

Huppenkothen, 2013

Lomb-Scargle

Power-Law Fitting
Vaughan, 2005 |

Bootstrap
‘ astroML ‘
wwz
Simulated-LCs Pyleoclim
l Emmanoulopoulus, 2013 ‘ = =

| connolly, 2015
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“sermi Periodicity Detection Methods % GRAEY
/ ' Sp;:mT‘:':s};ope IPARCOS

Welch's Method (DFT) |

e All of them have

drawbacks and ; | —
advantages =

VanderPlas J., 2018
Goyal, A., et al. 2017

e Potential results
comparison

Lomb-Scargle
Power-Law Fitting

aaaaa
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Gamma’ray
Space Telescope

Periodicity-Search Flow

“ GAES

IPARCOS

False

True

Selection
Candidate
Criteria

| LSP +
Power-Law Fitting

Removing
Upper Limits

mmg LSP + Simulated LCs

—> Bayesian QPO

uneven m

even “—

Discard AGN

W | egthon'

False N
Reading AGN File.txt
< 50% upper-limits
Save
Candidate
False False Save

‘ True ‘ True True

Low-Significant
Candidate

False

Selec'tlon Candidate Large-Significant
C"".d'd':"e Constraint Candidate
Criteria Constraint

lﬁ,lﬁiﬁw Activity Diagram

(UML) 1
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) Gammarray
Spa(e Teles(ope

Coarse — fast

Selection
Candidate
Criteria

Periodicity-Search Flow

“ GAES

» Power-Law Fitting

Removing
Upper Limits

e 1n all methods, a
peak > 1o

e one method, a
peak > 20

mma GLSP + Bootstrap

mmg LSP + Simulated LCs

—> Bayesian QPO

uneven “

even “—

Discard AGN

AGNFile.txt |

egthon’

False ; N
Reading AGN File.txt
< 50% upper-limits
False False Save

‘ True ‘ True True

Selec'tlon Candidate
Candidate ¢ 2
onstraint
Criteria

Low-Significant

Save
Candidate

Candidate

False

Large-Significant
Candidate
Constraint
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“ GAES

b ermi Periodicity-Search Flow

False

True

Selection
Candidate
Criteria

Refined — slow

» Power-Law Fitting

GLSP + Bootstrap

Removing
Upper Limits

—
“

M

mmg LSP + Simulated LCs

—> Bayesian QPO

uneven “
even “—

Discard AGN

egthon’

True True
-

Selection Candidate

Canydate Constraint
Crii

False

False 3 N
Reading AGN File.txt
< 50% upper-limits
False False Save

Low-Significant
Candidate

True

Large-Significant

Candidate
Constraint

Save

Candidate

e in all methods, a peak > 1o
e one method, a peak > 26
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s, ermi Periodicity-Search Flow % GAES

/' Gammaray IPARCOS

Space Telescope
AGNFile.txt ’ P
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— Bayesian QPO Co aint Candidate
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e in 3 methods, a peak > 3o

e “— e compatible period value

e | exception 14
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) Gamma»ray
Space Telescope

Periodicity-Search Flow

“ GAES

IPARCOS

False

True

Selection
Candidate
Criteria

| LSP +
Power-Law Fitting

m Removing
m Upper =

mmg LSP + Simulated LCs

—> Bayesian QPO

uneven “

even “—

Discard AGN

AGNFile.txt ’

Save
Candidate

False 3 N
Reading AGN File.txt
< 50% upper-limits
False False Save

‘ True ‘ True True

Selection

Low-Significant
Candidate

False

egthon'

id Candidate Largefignificant
Ca"_d' ¢:1te Constraint idate
Criteria Colstraint
e in 4 methods, a peak > 4o
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amma-ray

Results (I): Highly-Significant Candidates “ GRES

e 4 methods with a same period peak with > 4¢

IPARCOS

e 11 AGN as candidates to have periodic gamma-ray emission (our “Golden list™):
o 2 previously reported (PG 1553+113 & PKS 2155-304)
o 9 new candidates

TXS 0518+211

Time (Years)
2008 2010 2012 2014 2016 2018
— e Original LC TXS 0518+211
v 55ol| ¥ Upper-Limits }
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Results (I): Candidates in the Literature  GAES

IPARCOS

e PG 1553+113:

©)

O
©)
O

Ackermann, M., et al. 2015, (T=2.2 yr)

Tavani M., et al. 2018, (T=2.2 yr)
Sandrinelli A., et al., 2018, (T=2.2 yr)
This work: T=2.2 +0.1 yr (>40)

e PKS 2155-304:

O
O
©)

Sandrinelli A., et al., 2018 (T=1.73 yr)
Zhang P.-F., et al., 2017 (T=1.76 yr)
This work: T=1.7+0.1 yr (>3.50)
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Results (II)

e 13 low-significance candidates
O 3 methods with a same period peak with > 4o
e False-Detection Periodicity Rate: = 1 fake detection

® 50 exposure estimation: range 2-4 years i e e

e The impact of upper limits in LCs: o wg,i,f it M;% 1@. '

o significance: 10%-40% N _;- m

o period: 5%-30% e ]

FEERE L N v

e Multiwavelength Analysis: /\ gy - — |

o KAIT, SMARTS, OVRO... ““_““\“ R YR

O Cross-Correlation \ / e ,'J N

O  Periodicity Study ‘w "’"?T,'..ﬁ "'-;i_, ]
e 18
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<, ermi Synergy IACTs-GTC < GAES

Gamma-ay IPARCOS

/ Space Telescope

e (haracterization of the candidates:
o prediction of high-activity states — monitoring
o SED

3 |

A N s % 1 s
s 3 (S SadE

=X TR

iaNraa W/ X\ MIREEN

(PG1246 586
JXS14524516

S40814-+42

(§7GB164812 275240235 G1553+113
($50716+71

e (andidates observables with 45° over zenit:
© 4 only from the North
o 3 only from the South
© 4 from both hemispheres

JXS1902+-556

JX50050+581

/GB6J0043+3426
KS2052/47

o PKS044T- Rs04s4-234

PKS2155-304 PKS0426-380

AMGLJ021114+1051
PKS2255-282 /PKS0208-512
PREGI3L34

1)

o BL Lacs A FSRQs 1 9



Luka C. Popovié?

Super-massive binary black holes and emission lines in active galactic nuclei

~~\ tfvears]=3.7

i \oh =713

WA, =-13442

e Broad Line Region: ~ S
o displaced peaks s
o variability :
o doublets f I/ N N B S
o Hp S

Simic’, 2016

Search of sub-parsec massive binary black holes through
line diagnosis

C. Montuori.'* M. Dotti.2 M. Colpi.? R. Decarli.* F. Haardt!

e Separation parsec scales:

- Mu

wlocrnt Synergy IACTs-GTC: binary SMBHs % GAES

IPARCOS

E spectrografo en

b P

R esolucion para

l stronomia

o  Fwmgen/Ferv up to one order of magnitude smaller than single black holes.
o  Fwmen/Fup may be significantly reduced only at the shortest separations 20
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s crmi Summary & Perspective % GRES
/ SomeT Y IPARCOS
e Systematic search of gamma-ray periodicity in <2000 Fermi-LAT AGNs studied over a

period of 9 years
11 gamma-ray periodicity candidates
o 9 new candidates
o 2 previously reported in the literature
13 low-significance candidates
o 10 new candidates
o 3 previously reported in the literature
On-going:
o  Multi-Wavelength study
Sinergy:
o IACTs: monitoring and characterization of the candidates
o GTC: spectroscopy study in the optical/IR range
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