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What is a BL Lac? 

Beckmann & Shrader (2012) 



Types of BL Lac 

LSP (< 𝟏𝟎𝟏𝟒 Hz) 

HSP ( 𝟏𝟎𝟏𝟓 − 𝟏𝟎𝟏𝟕 Hz ) 

EHSP (> 𝟏𝟎𝟏𝟕 Hz) 

ISP ( 𝟏𝟎𝟏𝟒 − 𝟏𝟎𝟏𝟓| Hz ) 

𝝂𝒔𝒚𝒏 

𝑳𝒔𝒚𝒏 

Ghisellini (2016) 



IceCube: The biggest HE-ν detector 

Credits https://icecube.wisc.edu/ 



Detection of neutrinos by IceCube 

Angular resolution ~1° Angular resolution ~15° 

𝜇 



IceCube: Event detection 

 Track-like neutrinos: 275 events 

IceCube collaboration (2023) 



Blazars as cosmic accelerators 

13 ± 5 ∼ 6 months   
in 2014-2015 

𝐸𝜈 ∼ 290 TeV 
z=0.3365 

TXS 0506+056: The first identification of an extragalactic cosmic 

accelerator 



Short-lived particles 
𝜏𝜋± ≈ 2.6 × 10−8sec 

𝜏𝜇 ≈ 2.197 × 10−6sec 

HE-ν production in astrophysical 

environments 

Via photomeson production: 

𝑝 + 𝛾Low → 𝑁+𝜋+ + 𝑁+𝜋− + 𝑁+𝜋0 + ⋯ 

 𝝐𝐩,𝒕𝒉 > 70 PeV
𝜖𝛾

1 eV

−1
 

𝜋0 → 𝜸𝜸 

Multimessenger 
astronomy 



A two-zone leptohadronic model 

for blazar (AR2022) 

Aguilar-Ruiz et al (2022) 

Energy 

Fl
u

x 
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TBL (EHSP which 
energy peak of HE-

bump is located in the 
TeV band) 

 



Neutrino requirement for the model 

Inner blob 
 Size of  𝑅𝑖 ∼ 1014 cm 
 Inside  acceleration zone,  

≲ 1017 cm 
 Magnetic field conservation  
along  the jet 

 𝐵𝑖 ∝ 𝐵𝑜  
 
Seed photons 
𝐿𝑘𝑒𝑉 ∼ 1044 erg s−1  
(Belodorov, 1999) 

Minimum value 

Synchrotron of  
𝝁′𝒔 𝐚𝐧𝐝 𝝅′𝒔 



APPLICATION TO EHSP BL Lacs  

Steady state EHSP 
𝑓𝜋 ∼ 0.05 

Flaring state EHSP 
𝑓𝜋 ≳ 0.05 

An increase of seed 
photons 

In this work we test two set of  parameters 
1. 𝜶𝒑 = 𝟐 and 𝜶𝒑 = 𝟏. 𝟓  

2. 𝑩𝒄𝒐𝒏𝒔 and 𝑩𝒆𝒒  



RESULTS: 1RXS J094620.5+010459 

𝑬𝝂 > 250 TeV
𝐸𝛾

3 keV

−1 Γ

10

2
, 

𝜶𝒑 = 𝟐 demand 

𝑳𝒑 > 𝑳𝑬𝒅𝒅. 



RESULTS: 1ES 1101-232  

𝜶𝒑 = 𝟐 demand 

𝑳𝒑 > 𝑳𝑬𝒅𝒅. 



RESULTS: 3HSP J095507.9+355101 

𝜶𝒑 = 𝟐 demand 

𝑳𝒑 ≫ 𝑳𝑬𝒅𝒅. 



SUMMARY AND CONCLUSIONS 

● We have studied the association of 3 EHSP (two during steady 

state and one during flaring state) coincident with track-like HE-

neutrino events using a two-zone leptohadronic model. 

● Our results indicates that our two zone model may explain the 

broadband emission of two blazar during steady state, favoring 

hard spectrum and magnetic field strengths in the range of 

𝐵 = 103 − 104 G. Meanwhile for the blazar during flaring state 

our model presents difficult and only selecting extreme parameter 

values our model can partially fit the observations. 

● Our two zone model is a feasible alternative and the key to 

discriminate it among other models are future instruments in the 

MeV-band. 
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