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Neutrino astronomy status

The last upper limits for the diffuse Galactic emission  
contribution obtained by IceCube/ANTARES set this 
value at < 8.5% of the total IceCube astrophysical flux 

No associations for the moment with known  
Galactic Pevatrons, maybe due to small duration of  
the hadronic Pevatron phases

Still under discussion which extragalactic population 
of powerful sources contribute more to the observed 

astrophysical neutrino flux, few % from GRB,  
25-30% Blazars, SBG?, other AGNs?

After 8 years of operations IceCube already collected more than 
100 of HESE type events and around  50 astrophysical muonic 
neutrino events from the northern hemisphere characterized 
respectively by two power-law SEDs with α~2.9 and α~2.2
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DESY science 
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The case of TXS 0506+056

TSX0506+056

BL-Lac object at Z=0.336

Object between the 3% of 
more luminous object of the 

3FHL of Fermi-LAT
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Hints from the SED of TXS 0506+056

It is possible to correlate the level of gamma-
ray flux at 100 GeV with the corresponding 
neutrino flux at hundreds of TeV through the 
lepto-hadronic model explained in Petropoulou 
et al. 2015, when the synchrotron emission 
from the pion cascades sits in the Fermi-LAT 
range.

IceCube coll. Science 2018
Cerruti et al. 2018

For the case of TXS0506+056 the neutrino 
flux corresponding to the IceCube neutrino 
event IC170922 should have been on a bit  
higher energies, however this model 
is not excluded.
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Building a sample of candidates
22 Track-like  

events between the HESE sample
36 Track-like  

events between the northern sample

14 Track-like events 
part of EHE or HESE  (Alerts)

Extract BL-Lacs and FSRQs of 3FHL  
in coincidence with the astro-νµ

ICRC 2017 IceCube coll. ICRC 2017 IceCube coll.

IceCube experiment website
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The created Blazar sample

The sky map of Blazars spatially  
connected with astrophysical νµ  

to do multi-wavelength studies

Skymap in equatorial coordinates

15 BL-lacs and 4 FSRQs result 
spatially correlated (inside the ~1° 
of angular incert i tude) with 
astrophysical νµ.  

3 of them are extreme blazars. 
From them no signature of major 
gamma-ray activity in coincidence 
with the neutrino events
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The case of the extreme Blazar 1ES 0229+200
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νµ at 660 TeV We produce 
the gamma-

ray light curve  
with Fermi-Lat 
with a binning 
of 2 months

Z=0.1391ES0229+200

Spatially connected with a νµ of 660 TeV (deposited energy) 
However no significant activities are visibile on gamma-ray 
in coincidence with the neutrino event.

Preliminary



The luminosity of TXS 0506+056 flares
• The gamma-ray light curves are obtained integrating from 1 GeV to 300 GeV.  
• We select the emissivities above the average (µ) + 3σ  and µ + 1σ  to obtain the luminosity. 
• We consider a isotropic luminosity

• µ + 3σ = 1.15 x 10^44 erg/sec 
• µ + 1σ = 1.76 x 10^44 erg/sec

• µ + 3σ = 1.41 x 10^46 erg/sec 
• µ + 1σ = 2.28 x 10^46 erg/sec

Which is the minimal flaring duration needed to observe TXS0506+056 with IceCube assuming the 
Fermi photons as the synchrotron emission of charged pion decay products ? 

Markarian 421

Preliminary
IC170922ATXS0506+056

MNRAS2016 Petropoulou et al.
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From γ to ν variability for TXS 0506+056
TXS 0506 +056

Weekly gamma-ray  
light curve

Monthly neutrino 
differential flux 

1)Power law spectrum, 2) Franceschini et al. EBL Model,  
3) 100 GeV γ produced by sync of  π+/- decay prod 4)Protons E extends up to 10^16 eV 

E^
2 

dN
/d

E

IC170922A

Preliminary Preliminary

From gamma-ray fluxes to possible VHE neutrino fluxes
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Sensitivity of IceCube for point like searches

To obtain the blazar neutrino flux variability curve  we can assume  
different proportionality factors Kγν  = Lν (10TeV/1PeV) / Lγ (0.01 TeV - 1 TeV) 

APJ 2017 IceCube coll. arXiv:1811.07979 IceCube coll.
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The IceCube sensitivity for νµ + νµ increased in the paper of November 
last year, when we consider the northern hemisphere.  
Here we use this sensitivity to check the possibility to observe neutrino 
flares from the sample of selected blazars.
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Neutrino variability curve for TXS 0506+056
Kγν  = Lν (10TeV/1PeV) / Lγ (0.01 TeV - 1 TeV) 100 GeV γ produced by sync of  π+/- decay prod

1 Year bins

Following  leptohadronic model from Petropoulou et al. 2015

6 months bins 1 month bins

For the case of TXS0506+056, under the condition of Fermi-LaT gamma rays produced by 
the synchrotron emission of pion decay products, the corresponding νµ + νµ flux can be 
visible with the binning of 1 year, 6 months and 1 month if we assume a Kγν=1 while a 1 
year bin is a minimal duration for seen a flare if  Kγν=0.4

IceCube 2018 PL

IceCube 2017 PL
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Neutrino variability curve for the FSRQ OP313
Gamma-ray Luminosity during a flaring period   µ + 3σ = 7.42 x 10^46 erg/sec  

Kγν  = Lν (10TeV/1PeV) / Lγ (0.01 TeV - 1 TeV) 100 GeV γ produced by sync of  π+/- decay prod

1 year bins 6 months bins 1 month bins
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For the case of the FSRQ OP313, under the same lepto-hadronic condition of Petropoulou 
et al. 2015, the equivalent corresponding neutrino νµ + νµ flux can be visible with the 
binning of 6 months and the IceCube sensitivity 2018 if we assume a Kγν >1

IceCube 2017 PL

IceCube 2018 PL
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Padovani et al. MNRAS 2018

The spectral hardening observation for γ 
IceCube coll. Science 2018

TXS0506+056 &13 associated muonic neutrinos 
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To connect the neutrino flare TXS0506 of 2014/2015 with the Fermi-LaT 
gamma-ray spectrum obtained during the same period through a hadronic 
emission a harder spectrum at more than 10 GeV is preferred. This point out 
that also lower and harder SEDs at GeVs can be a footprint of a hadronic 
component. Padovani et al. 2018
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The α variability for TXS0506+056 and OP313 
- Power law SED assumed for the gamma rays of Fermi-LAT γ 
- Franceschini et al. EBL model assumed  
- 6 Months binning assumed, and γ integrated between 0.1 to 300 GeV

BL-lac FSRQ

With a six months binning TXS0506+056 
shows at least 3 hardening more 
significative than the one related to the 
2014/2015 IceCube flux 

Also for OP313 the 200 TeV neutrino 
event spatially correlated seems not to 
be associated with a 100 GeV spectral 
hardening
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Evaluating the level of activity for these Blazars  

Long time observation of 
blazars like Mrk421 show that 
h i g h - e n e r g y a c t i v i t y i s 
i n t e r m i t t e n t , o n - o f f  
description can apply also for 
most of the known Blazars.

Tluczycont, Bernardini et al. A&A 2010

The Duty Cycle definition is simply  
the ratio between the time of flaring !

state and the total observational time.

 In the integrated flux distribution the  
quiescent state (Tbl) is described by a  
Gaussian while the flaring state (THE) is 

described by a log-normal function.
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Duty Cycle estimation for TXS 0506+056   

The fluxes distribution is 
well represented by a 
Gaussian + Lognormal 
distribution

We use 9.5 years of Fermi-
LAT observations time with 
1GeV< E <100 GeV. 

To this distribution of fluxes of TXS0506+056 we apply the Duty Cycle  
definition developed with the Milagro collaboration in 2014  

(Abdo et al. APJ 2014)

Quiescent !
states

Flaring!
states

Preliminary

TXS0506+056
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Comparison of DC for ν emitter candidates     
- Franceschini et al. EBL model assumed.  
- Weekly binned Fermi-LAT light curve considered.

TXS0506+056 OP313

Avg. DC ~ 25% Avg. DC ~ 30%
Starting from the 
center of the Gaussian

If we assume a on-off state description of the blazar 
state we obtain that a BL-lac like TXS0506+056 is!

active only 1/4 of the time

Starting from the 
center of the Gaussian
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Possible changes in the SED after DC estimation     

DC of 25% applied 
t o t h e t o t a l 
observational time 
o f 7 y e a r s f o r 
IceCube. 

Flaring state SED ν flux on 2017 flare

Archival SED
ν flux on 7 years
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The obtained average Duty Cycle can be more important when we look at energies 
higher than GeV and can change the expected level of neutrino flux when we look for  
long observational periods (Entire IceCube observational time).
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Changes on the OP313 SED     

In this case this is 
a virtual flux since 
we assume the 
neutrino inside the 
time window of the 
major gamma-ray 
flare observed for 
this FSRQ

Archival SED

Flaring state SED

ν flux on 7 years

The Duty Cycle changes the expected neutrino flux needed to produce the astrophysical 
neutrino event of 200 TeV observed by IceCube still allow the connection with the archival 
SED observed by Fermi-LAT.
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• We already have a list of 20 Blazars within the 1° error of astrophysical 
νµ  above  100 TeV observed by IceCube; 3 of them are extreme Blazars. 

• If we follow the lepto-handronic scenario, connecting 100 TeV-1PeV 
neutrinos with 10-100 GeV photons, TXS0506+056 seems to be a 
special case, for the moment, with the September 2017 event. 

• In this multi-messenger context (ν - ➰), considering the maximal 
luminosity of the selected sample of blazars, the minimal flare duration 
should be of months. 

• If we look for a multi-messenger observation, like the case of IC170922 
and the flaring gamma-ray of TXS 0506+056 the preferential way to 
obtain more than 3σ is to have multi Km^3 detectors around the world. 

SUMMARY and CONCLUSIONS 
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