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 Motivation for our work 



ÅRelativistic jets on the largest scales are 
kinetically dominated. The large scale magnetic 
field may dissipate if the regular magnetic 
structure is destroyed as a result of a global MHD 
instability. The kink instability is one of the 
possible candidates.  

ÅThe current carrying plasma columns containing 
strong toroidal fields are unstable to non-
axisymmetric perturbations. Among these, the 
kink instability is the most dangerous one. 



ÅIn configurations with strong toroidal magnetic field, 
the current driven(CD) kink mode is unstable. This 
instability excites large scale helical motions that can 
strongly distort or even disrupt the system.  Non-linear 
development of the kink instability might trigger the 
violent magnetic dissipation. 
ÅIn the absence of CD kink instability and resistive 

relaxation, helical structures may be attributed to     
the KelvinςHelmholtz (KH) helical instability driven by 
velocity shear at the boundary between the jet and the 
surrounding medium (e.g., Hardee 2004, 2007) or    
triggered by precession of the jet ejection axis 
(Begelman et al. 1980).  
 



ÅIt is still not clear whether current driven, velocity shear 
driven, or jet precession is responsible for the observed 
structures, or whether these different processes are 
responsible for the observed twisted helical structures at 
different spatial scales in AGN jets. 

  
     Mizuno et al. (2009) studied the kink instability in 

relativistic systems.  By relativistic they mean not only 
relativistically moving systems but any with magnetic 
energy density comparable to or greater than the plasma 
energy density, including the rest mass energy.  

     In that  paper,  they  presented three-dimensional results of 
the CD kink instability of a static plasma column. 
 









Å In Mizuno et al. (2012), they studied the influence of jet rotation 
and differential motion on the CD kink instability. 
 

Å In accordance with linear stability theory, development of the 
instability depends on the lateral distribution of the poloidal 
magnetic field. 

 
ÅWhen the profile of the poloidal field is shallow, the instability 

develops slowly and eventually saturates. When the profile of the 
poloidal field was steep and the magnetic pitch in the inner portion 
of the jet was sufficiently small, i.e., the magnetic field was 
sufficiently tightly twisted, multiple growing helical wavelengths 
disrupted the initial configuration. 









Our attempt 

ÅTo extend the works of Mizuno et al. (2014), coupling with 
that of Mizuno et al. (2012). 

ÅThe code setup for spatial development of the CD kink 
instability is similar to the setup as mentioned in Mizuno et 
al. (2014).  

ÅThe computational domain is 8L × 8L × 30L in a cartesian (x, 
y, z) coordinate system with grid resolution of  L/30 for the 
transverse x- and y-directions and L/6 for the axial z-
direction.  

ÅThe outflow boundary conditions have been imposed on all 
surfaces except the inflow plane at z=0. 

ÅA pre-existing jet is established across the computational 
     domain. 

 
 









The decreasing density profile, 

The increasing density profile, 
 

Where, 







The volume averaged relativistic electromagnetic energy,  



ÅIn order to study the effect of jet rotation, 
simulations are performed with three 
different angular velocity amplitudes : 1, 2 and 
4. 

 

 

 



Heavy jet, angular velocity amplitude is 1. 
Images at t = 50 and 100.  



Heavy jet, angular velocity amplitude is 4. 
Images at t = 50 and 70. 


