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AGNs as candidate 
sources

Several instruments 
involved
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to γ-rays

Synchrotron emission 
from relativistic 

electrons

Leptonic or hadronic 
scenarios?

Inverse compton 
(SSC, EC)

Neutrino 
production!
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❖ Blazar sequence

• Correlation between peak frequencies of two bumps

• Correlation between total power and peak 

frequencies

• Increase of Compton dominance with total power

BLAZAR SUBCLASSES AND 

BLAZAR SEQUENCE
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Ghisellini et 
al. (2017)

FSRQs

BL Lacs

Prominent 
emission lines

Weak or absent 
emission lines

FSRQs & BL Lacs

https://academic.oup.com/mnras/article/469/1/255/3098185
https://academic.oup.com/mnras/article/469/1/255/3098185


~3σ correlation of HE neutrino 
(~290 TeV) with blazar flare

TXS 0506+056 & IC170922A
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IceCube, Fermi, MAGIC et al. 2018, Science, 361, aat 1378

https://www.science.org/doi/10.1126/science.aat1378


~3σ correlation of HE neutrino 
(~290 TeV) with blazar flare

TXS 0506+056 & IC170922A

5

IceCube, Fermi, MAGIC et al. 2018, Science, 361, aat 1378

First photon-neutrino 
multimessenger observation!

https://www.science.org/doi/10.1126/science.aat1378
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TXS 0506+056

6

Blazar source discovered in 
1987 but poorly studied 

until 2017

Credits: DESY

Redshift of z=0.336 
(Paiano et al. 2018)

One of the 5% most 
luminous blazars 

discovered in HE γ-rays

Initially classified as BL Lac 
type object, but FSRQ 
nature was suggested 
(Padovani et al. 2019)

https://iopscience.iop.org/article/10.3847/2041-8213/aaad5e
https://academic.oup.com/mnrasl/article/484/1/L104/5299568
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BL Lacs?

WHY TXS 0506+056?

7

Select sample of candidate neutrino emitters chosen 
by constraining properties to be comparable to 

those of TXS 0506+056

Aim of investigating accretion mechanism and 
SED in context of lepto-hadronic emission

PRELIMINARY

PRELIMINARY
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❖ Selection was based on:

• Photon index in Fermi band


• Integral luminosity in 1 - 100 GeV range


• Synchrotron peak frequency

❖ Selection parameters were chosen to be close to the ones of TXS 0506+056 as reported 
in the catalog

LTXS = (1.62 ± 0.04) × 1046 erg/s

ΓTXS = 2.079 ± 0.014

νsyn ≃ 3.55 × 1014 Hz
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❖Only 3 sources fullfil the requirements:

• 13 sources show no spectral analysis

• 6 sources have reliable redshift but no info on spectral lines is found in refs

• 3 sources only show a redshift lower limit given by absorption lines from host galaxy


• 1 source went out of selection after redshift inspection ( , )z4LAC = 1.18 zref = 0.43



REDSHIFTS
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z4LAC zref lines EW [Å] FWHM [km/s] L [erg/s] Refs

TXS 0506+056 0.3365 0.3365
[O II]

[O III]                
[N II]

0.07

0.05 

0.05

500

600 

300

1.0e41, 

9.2e40, 

6.7e40

Paiano2018, 
Landoni2020

PKS 0048-09 0.635 0.635
[O II]

[O III]

Hα

0.5

0.6 

1.6

600      

450      

1300

1e41,       

9.4e40, 

1.6e41

Landoni2020

B3 1307+433 0.691 0.691 [O II]

[O III]

1.2

0.5

800     

600

2e42,      

5.5e41 Landoni2020

GB6 
J0114+1325 0.583 0.685 Hβ


Mg II / 3800

4300

1,24e43 

2,45e43  Shaw2012

https://iopscience.iop.org/article/10.3847/2041-8213/aaad5e
https://iopscience.iop.org/article/10.3847/1538-4365/abb5ae/pdf
https://iopscience.iop.org/article/10.3847/1538-4365/abb5ae/pdf
https://iopscience.iop.org/article/10.3847/1538-4365/abb5ae/pdf
https://iopscience.iop.org/article/10.1088/0004-637X/748/1/49/pdf
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5.5e41 Landoni2020

GB6 
J0114+1325 0.583 0.685 Hβ


Mg II / 3800

4300
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2,45e43  Shaw2012

All classified as BL Lacs

https://iopscience.iop.org/article/10.3847/2041-8213/aaad5e
https://iopscience.iop.org/article/10.3847/1538-4365/abb5ae/pdf
https://iopscience.iop.org/article/10.3847/1538-4365/abb5ae/pdf
https://iopscience.iop.org/article/10.3847/1538-4365/abb5ae/pdf
https://iopscience.iop.org/article/10.1088/0004-637X/748/1/49/pdf


❖ Computation of  (Francis1991, Celotti1997): 


 


with  the observed line luminosity,  the line ratio,  sum of line ratios


❖ Computation of  from : 


❖ Computation of accretion rate   


where  and assuming 

LBLR

LBLR = ∑
i

Li,obs
⟨L*BLR⟩
∑i L*i,est

Li,obs L*i,est ⟨L*BLR⟩

Ldisk LBLR Ldisk ∼ 10 LBLR

·m =
Ldisk

LEdd

LEdd = 1.3 × 1038 MBH

M⊙

erg
s

MBH = 108,109 M⊙

ACCRETION RATE
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https://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1991ApJ...373..465F&defaultprint=YES&filetype=.pdf
https://academic.oup.com/mnras/article/286/2/415/1103362?login=true


ACCRETION RATE
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LBLR [erg/s] Ldisk [erg/s]

TXS 0506+056 2.55x1043 2.55x1044 1.96x10-2 1.96x10-3

PKS 0048-09 2.42x1042 2.42x1043 1.86x10-3 1.86x10-4

B3 1307+433 3.39x1044 3.39x1045 2.61x10-1 2.61x10-2

GB6 J0114+1325 3.66x1044 3.66x1045 2.82x10-1 2.82x10-2

·mhigh
·mlow

From Sbarrato et al. 2014:

 for FSRQs


 for BL Lacs

·m ≳ 0.01
·m ≲ 0.01

https://academic.oup.com/mnras/article/445/1/81/1747672
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Analyzed Fermi/LAT, Swift/XRT, 
Swift/UVOT data

DATA ANALYSIS: LIGHTCURVE
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PKS 0048-09

Low

state

High 
state

PKS 0048-09:

• Mostly low state

• 3 flares shifted in time

‣ HE γ rays, X-rays, UV


• Simultaneous SEDs on low 
state and high state

B3 1307+433 & GB6 J0114+1325:

• No flares observed in MWL LCs

• Simultaneous SED in low state

PRELIMINARY



❖ TXS 0506+056 represents the most significant association between a HE neutrino and an 
astrophysical source


❖Neutrino emission and nature of source are not fully understood


❖ Search for candidates with similar properties to investigate their nature


❖ From spectral lines to information on BLR and accretion

• Different behaviours found

SUMMARY AND PERSPECTIVES
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❖Work in progress:

• Modeling of SED in context of lepto-hadronic emission 

inside/outside BLR

• Aim of getting info on neutrino flux and detectability 

prospects at TeV energies

B3 1307+433

PRELIMINARY

Viale et al. in preparation
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UVOT analysis:

❖Aperture photometry


• Instrumental magnitude from photon counts 





❖ Extinction 

• Real magnitude obtained by de-reddening





❖ Energy range: 1700 - 6500 Å

❖We performed the analysis with the uvotimsum 

and uvosource tasks

mλ = Zλ = 2.5 log10
∑N

i=1 Ci − nCsky

t

Aλ = E(B − V )[aλ Rv + bλ]

SWIFT ANALYSIS

17

XRT analysis:

❖ Spectral fitting 


• Raw photon counts in instrument channels





❖ Fitting of data with model spectrum 




❖χ2 or Cash statistics used


❖Energy range: 0.3 - 10 KeV

❖We performed the analysis using xspec (v. 

12.12.0)

C(I) = ∫ f(E) R(I, E) dE

M(E) = K E−ΓX E−nHσabs



UVOT PARAMETERS
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V B U W1 M2 W2
λc [Å] 5468 4392 3465 2600 2246 1928

FWHM [Å] 769 975 785 693 498 657
aλ 1.0015 0.9994 0.9226 0.4346 0.0773 -0.0581
bλ 0.0126 1.0171 2.1019 5.3286 9.1784 8.4402
Zλ 17.89 ±  0.013 19.11 ±  0.016 18.34 ±  0.020 17.49 ±  0.03 16.82 ±  0.03 17.35 ±  0.03



Analysis:

❖ Likelihood analysis on 13 years of LAT data


• Optimization, fit, localization, SED, lightcurve 
(2 months bin)


❖ Likelihood analysis on selected periods

FERMI ANALYSIS
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We performed the analysis using Fermipy (v. 1.0.1)

Diffuse models:

• galdiff:   gll_iem_v07.fits

• isodiff:   iso_P8R3_SOURCE_V3_v1.txt


Model for the Fermi-LAT extend sources:

• LAT_extended_sources_10years.fits


Catalog: 

We use one of the latest version of the 4FGL-DR2:

• gll_psc_v27.fit

Data selection Values
IRFs P8R3_SOURCE_v3

PSF Classes
All 


[PSF0 and PSF1 excluded, E < 300 MeV

[PSF0 excluded, 300 MeV < E < 1 GeV]

Time intervals 13 years
Energy range 100 MeV - 1 TeV

Zenith angle
< 105°


[< 85°, E < 300 MeV]

[< 95°, 300 MeV < E < 1 GeV]

Pixel size 0.1°


