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Understanding the high energy emission and multi-wavelength 
morphology of the knots in kilo-parsec scale jets of 

Active Galactic Nuclei

● The large scale AGN jets 
(kpc/Mpc)

● X-ray emissions from 
jets/knots 

● Their multiwavelength 
emission & morphology

3C 273 , Marshall et. al 2001 2



High energy emissions from kpc knots/jets?
Two scenarios
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Translate has 
officially 
inspired me to 
learn French 
Abby Author, NYC

Synchrotron emission from a 
broken power-law distribution of 
particles

M 87, S. Sahayanathan 2008

High energy emissions from k-pc knots/jets?
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Possible mechanisms

Synchrotron + 
IC/CMBR Synchrotron(low energy 

electron distribution) 
       +
 Synchrotron(high  
energy electron 
distribution) 

Suggest two emission mechanisms

3C 273 , Sambruna et. al 2001

High energy emissions from kpc knots/jets?
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eg: Harris & Krawczynski 
2002; Jester et al. 2002;
Georganopoulos et al. 2006

eg:Tavecchio et 
al. 2000; 
Celotti et al. 2001
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Case 1 : Synchrotron + IC/CMBR

X-ray Knots : IC/CMBR Failure!!!

3C 273, PKS 0637-752, PKS 1136-135, PKS 1229-021, PKS 1354+195 and PKS 2209+080 and many more.. ( Meyer et. al 2015,  Meyer & Georganopoulos 2014, Breiding, Peter et. al 2023 etc..)
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PKS 0637-752, Meyer et. al 2015

3C 273, Meyer & Georganopoulos 2014
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Concave upward 
(demand physically separated regions)
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Case 2 : Synchrotron (low energy particle distribution) + 
              Synchrotron(high energy particle distribution) 
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Physically separated two population model 

Acceleration 
region

Advection  region

B_out

B_in
R0

Rmax
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The two population model

● Acceleration region: bpl particle distribution (multiple acceleration 
processes ; Sahayanathan 2008)

● Advection region: (Ginzburg & Sirovatskii 1964)

● Delta function injection of particles at R0 - green’s function method 
(Kardashev 1962; Atoyan & Aharonian 1997)
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The two population model 
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Distance from 
R0 increases

Concave 
upward
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Acceleration 
region

Advection  region

The two population model:
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IC/CMBR
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Acceleration 
region
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Rahman et al, 2022, MNRAS
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X-ray emissions from large scale jets of AGN at high redshifts 

PSO J0309+27

At high redshift,  IC/CMB cooling time < shear acceleration timescale
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X-ray emissions from large scale jets of AGN at high redshifts 

Test the IC/CMB model in 45 extragalactic X-ray jets

Two sources at z > 3.5

Z= 3.69 Z= 4.31
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X-ray emissions from large scale jets of AGN at high redshifts 

Under preparation...
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IC/CMB: not ruled out by Fermi 
observations (studies until 2023) 

Probing the IC/CMB interpretation: VHE observations???
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Rahman et al, 2023, MNRAS
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Offset measurements in 3C 273
Marchenko, Volodymyr et al, 2017 (ApJ) 

Are emitting regions CO-SPATIAL or not???

PKS 0605–08
Reddy, Karthik et al., 2021 
(ApJ)

X-ray/ radio offsets in jet emissions

19

 Clautice, Devon et. al, 2016 (ApJ))



X-ray/ radio offsets in jet emissions

● Cylindrical jet

● Difference in thermodynamic conditions 
at upstream/downstream of the shock. 

● The Synchrotron cooling time scale – 
extension of region

● The advection velocity + cooling time 
scale: nature of the offset (Xf/Rf)

under construction....

V1 V2

Up stream Down stream
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● Electron acceleration & advection model: 

production of physically separated two population

explain multiwavelength emission of 3C 273.

  

● IC/CMB ruled out for high z jets (J1510+5702 & 
J1421-0643) 

The model explains radio/optical/X-ray emissions. 

  

● The scope of VHE observations - additional tool

3C 111 & 3C 120

● Digging out the physics of offsets!!
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Thank you 
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● LOC/SOC – HEPRO VIII

● Science & Engg Research Board, Govt. Of India 

● University Grants Commission, Govt of India

● Farook College & BARC Mumbai. 



The two population model 
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