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Abstract
Blazars are a subclass of Active Galactic Nuclei (AGN) seen almost along the relativistic jet, which emanate from very close to the central super massive black hole. As these jets are close to our line of 
sight, blazars represent a unique sample to study the extreme particle energisation, nature of the magnetic field and many other physical properties of jets. Blazars are well known to show flux and spectral 
variations on diverse time scales.  

The time dependent modelling of the spectral energy distribution (SED) and multi-frequency light curves is used to constrain many important physical parameters crucial to represent the steady state or 
outbursts; for example, the size and location of the emission region, particle spectra, acceleration mechanisms, magnetic field, etc. In many cases, the data collected over the years have changed our views 
about these enigmatic sources.  

The recent data of CGRaBS J0211+1051 reveals a very interesting SED and the model constraints hint at a number of interesting facts about this particular blazar. The UV and X-ray parts of the SED do not 
connect smoothly suggesting hadronic contributions or contributions from another emission region. We shall be highlighting some of our recent findings from the lepto-hadronic modelling of the SED.

GeV flare in 2011 and Categorisation as LSP/ISP type Blazar
Background and Motivation 
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Figure-3: Distribution of Fraction Polarisation and Blazar Classification 

Figure-1: Optical Lightcurve from Catalina Real Time Transient Survey
(CRTS) data and 𝛄-ray Flare of January 2011

Figure-2: Micro-variations in optical polarisation (Fraction polarisation and Position Angle) 
over and inter-night variability 

General Highlights
Uncategorised Blazar in 1FGL/2FGL catalog
Consistent rise in V-band flux before 2011 GeV 
flare [Refer to Fig.-1]
𝛄-ray flare coincident with high fractional 
polarisation (DP) and mild variations in 
position angle (PA) [Ref. to Fig.-2]
Intra-night and Inter-Night variations in DP 
[Ref. to different panels of Fig.-2]
Based on averaged DP observed in 2011 and 
distribution of DP across various subclasses of 
blazars [Ref. to Fig.-3] it was classified as HSP  
Inter-night mild variations in EVPA [~20° flip in 
~4-5 days within flare; ~57° flip within < 10days, 
32 days after the 𝛄 flare]
Long-term lightcurves reveal variations in 
optical flux, polarisation (DP) and position 
angle (PA) throughout 
Highest fractional polarisation ~ 34° around 
MJD 56624.0 (2013 November 28)
Confirmation of classification using SED and 
comprehensive study of flare in 2011 (Chandra 
et al. 2012)
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Figure-4: MW Lightcurves during 2011-Flare 
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Figure-5: Spectral Energy Distribution (SED)

New Perspective from two outbursts
Two major outburst in high energy (X-rays and 𝛄-rays; 2011 & 2019)
More multi wavelength data collected over ~13 years reveal it being a 
highly variable source; through very weak in X-rays most of the time
Soft X-ray (0.3-10 keV) band falls into the energy range coinciding with 
the switch-over between synchrotron and Comptonization processes. 
𝛄max can be constrained by the turnover energies (Poor spectral shape!)
The synchrotron component, as derived by the optical-UV parts of the 
SED does not extrapolate to the observed X-ray SEDs    
Quiescence state seems to show larger discrepancies 
Both the outburst show significantly higher fluxes and harder 
spectrum in comparison with the 12-year averaged SED  
Averaged X-ray index together the sharp synchrotron cutoff indicated 
a different SED component contributing in X-rays (e-/e+ SSC ? Second 
zone ?Hadronic ?)

5.75 x flux rise in V Band over ~ 850 
days with rate ~2.2mMag/day

∆tmin~20 minutes

Salient Features of the Model
One-Zone Time dependent
 Lepto-Hadronic Model 
Primary injection power law for both protons and electrons
Self-consistently incorporates the emission components from 
leptons, hadrons and their byproducts (secondary particles!) 

                                   psyn
          Solution 
                                       p-𝛄             Bethe Heitler, Pion production
                                            𝛄-𝛄 pair production 

It can include turbulent components in magnetic field
It’s successor ExHALE model works on even evolution of emission 
region in the jet 

Refer to talk by: M. Zacharias, Tuesday (Session AGN-II)

CGRaBS J0211+1051 is very active in optical bands
X-ray seems to be very weak unless there is a flare; lies in the valley part of the 
SED.
X-ray emission seems to have separate emission process than synchrotron  
The one-zone scenario needs use of hadronic process to explain excess X-rays 
[Hadro-Leptonic approach for overall SED]
Two-zone pure leptonic SED may explain the behaviour but involves large 𝛄max 
values for second component  
Work in progress!
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