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State of the Art & Motivation
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ÅEvidence of astrophysical neutrino signal from IceCube

M.G. Aartsenet al. Phys. Rev. Lett., 2015, M.G. Aartsenet al. Phys. Rev. Lett., 2013 

ÅDiffuse galactic contribution < 10% 90% extra-galactic

M.G. Aartsenet al. ApJ, Nov 2017, GaggeroD. et al. ApJLetters, Dec 2015

A. Albert et al. Phys. Rev. D, 96(6):062001, Sept. 2017

ÅExtra-galactic source population?? ᴼ GRBs, Starbursts, AGN?? K. Bechtolet al. ApJ, Feb Ψмт

ᴼ Blazars??

ICRC 2017
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M.G. Aartsenet al. ApJ, Nov 2017, GaggeroD. et al. ApJLetters, Dec 2015

A. Albert et al. Phys. Rev. D, 96(6):062001, Sept. 2017

ÅExtra-galactic source population?? ᴼ GRBs, Starbursts, AGN?? K. Bechtolet al. ApJ, Feb 17

Å IC170922-A M.G. Aartsenet al. Science, 361(6398), 2018

ᴼ Blazars??

ICRC 2017

Searchfor signaturesin the EM emissionof blazars
spatiallycorrelatedwith ICastrophysical˄ candidates!!



Sample of spatially correlated blazars
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ÅCandidate ˄µ events (all track-like O need for good angular resolution):
V22 AMON alerts (HESE & EHE)  M.G. Aartsenet al. AstroparticlePhys., 92:30ς41, June2017

V36 events above 200 TeVM.G. Aartsenet al. ApJ, 833:3, Dec. 2016 andIceCubeColl. PoS(ICRC2017) 

1005, 2017

V22 events from HESE sample PoS(ICRC2017)981 IceCubeColl.

ÅSource Catalogs(Fermi-LAT):
V3FGL & 3FHL F. Aceroet al. ApJSuppl. Series, 218:23, June 2015

80 candidate ˄µ
events in total

ICRC2017 IceCubeColl.

ICRC2017 IceCubeColl.

Fermi 3FGL



Sample of spatially correlated blazars
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Selection criteria: Spatial coincidence with a candidate astrophysical neutrino 
event (events with 50҈ ŜǊǊƻǊ ғ мΦрхύ

Fermi-LATcentr.ҍ  IceCubecentr. ғ мΦох

The sky map of blazars spatially connected with 
selected astrophysical ˃˄events

Preliminary

Preliminary



Gamma-Ray Observations

TXS 0506+056 (BL-Lac) vs OP 313 (FSRQ)
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Illustration Credit : DESY, Science Communication Lab

http://www.desy.de/
http://www.scicom-lab.com/


Gamma-Ray Light Curves
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Å -ɹray light curves with 9.5 years of Fermi data
Å 0.1 < EGeV< 300; млхROI; power law spectrum; weekly bins

Å EBL absorption withFranchesciniet al. A&A, 2008

ϞTXS0506+056(z= 0.336):

ÅMost likely counterpart of IC-
170922A(E˄ = 290TeV)

ÅMajor gammaflare in 2017-18

ÅNeutrino excess from the
directionin December2014

ϞOP313(z= 0.998):

ÅCoincidentwith an EHE˄ µ from
15th May2012(E˄ > 200TeV)

ÅMajor gamma-ray flare in April
2014

ÅHigh avg. flux and a well
definedflare in gamma,makeit
possible to study the high-
energyactivity

IC170922A

BL-Lac ?? FSRQ

TXS 0506+056

OP 313

Preliminary

Preliminary

P. Padovaniet al. MNRAS, Jan 2019



Looking for spectral variability
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Å Spectral index variation of TXS 0506+056 and OP 313 with 9.5 
years of Fermi data

Å Time bin of 6 months (good for neutrino observation)
Å 0.1 < EGeV< 300; power law with cutoff

ϞTXS0506+056:

Ϟ ahvg= - 1.97 0.04

ϞMax. dev. from mean= 2.19̀

ϞDeviation during -˄flare of
2014-15: 0.44̀

ϞAtleast 3 bins with higher
deviation than during the
2014-15excess

ϞOP313:

Ϟ ahvg= - 2.15 0.14

ϞMax. deviationfrom mean=
2.92̀

ϞNo significant deviation
from mean in the time bin
of spatially coincident
neutrinoevent

TXS 0506+056

OP 313

IC170922A

Preliminary

Preliminary

ϞMaybesmallerbin sizeneededto observespectralvariability(P.
Padovaniet al. MNRAS,July2018)

ϞNot enoughstatisticsfor far awayobjects like OP313 due to
EBLabsorption



Duty Cycles
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ÅDuty Cycle (DC) OFraction of time source spends in an active state

Ὀὅ

Ὕ ᴼtime spent in flaring state; 

Ὕ ᴼtime spent  in the quiescent state

ÅEstimate of how active a source is 

ϞBlazars spend a significant part of 
their time in low-ŀŎǘƛǾƛǘȅ ƻǊ άƻŦŦέ ǎǘŀǘŜ

ϞImportant to factor in while 
calculating neutrino flux expectations 
from blazars



Duty Cycles
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ÅDefinition from Tluczykontet al. 2010

ÅFit function: Gaussian + LogNormal

ÅGaussian defines the quiescent states, LogN
defines the active states

ÅRemoving time dependence

Ὀὅ
Ὂ Ὂ

Ὂ Ὂ

ÅὊ = ‘ + 3 „ (baseline flux)

Åwhere Ὂ -> avg. flux over all observations

ÅὊ -> avg. flux during all flares

ÅVary the baseline to calculate the DC distribution

ϞGaus+LogNormalfit only gives good results for 
bright sources with well defined flares/active 
states 

quiescent

flaring

Preliminary



Duty Cycles: The cases of TXS 0506+056 & OP 313
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Only two sourcesfrom the samplefor which DCcould be calculatedusingthe
Tluczykontet al. Gaus+LogNormalfit, either dueto low statisticsor absenceof a
clearflare/activestates

DCavg= 23% DCavg= 21%

Preliminary Preliminary


