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The nature of jet dynamics: 
•  Energy conversion in jet? 
•  Kinetic energy eventually dominate? 
•  Why jet usually seems stable? 
•  In-situ particle acceleration? 

Jet-ICM interaction: 
•  Jet feedback? How and Where? 

•  What could we tell from jet morphology? 

Hercules	  A 



Head-Tail Radio Galaxies 
--- Jets under strong weather ? 

3C465 NGC1265 

100kpc	  

Radio	  images 

no	  radio	  emission	  here 



Part 1: Jet Models 



Magnetic Tower Jet 

Lynden-Bell’96 
Li et al.’06 

Nakamura, HL+’06 

Hydrodynamic Jet 

O’Neill	  et	  al.	  
Mendrgral	  et	  al.’	  12 Reynolds	  et	  al.	  ’02 

q  A pre-exist poloidal 
magnetic field; 

q Magnetically 
driven: Continuous 
injection of poloidal 
current, giving rise 
to the toroidal 
magnetic field and 
helicity; 

q  Mass injection; 
q  Magnetic energy 

converted to flow; 
q  Weak hydro shock 

detached from 
magnetic tower 
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T	  =	  93	  Myr	   T	  =	  93	  Myr	   

AGN	  ac-ve	  
life-me	  30	  Myr	  
	  
E_inj	  =	  3e59	  ergs	  
	  
Rc	  =	  20	  kpc	  
	  

600kpc 



1) Hydro-shock 

2) Formation of 
“round” lobe 
at the core 
radius 

Several	  Testable	  Features 

3) Size of lobe 
determined by jet 
current and 
background 
pressure  

Diehl,	  HL,	  et	  al.’07	  
Nakamura,	  et	  al.’08 



Current-dominated Model  
(Li et al. 2006; Nakamura et al. 2006; 2007) 

Current? Herc A 

Nakamura, Tregellis,  
Li, Li (2008) 

Current 
distribution 



4)	  Effects	  of	  Return	  Current 

Courtesy	  of	  Pfrommer	   

Return	  currents?? 



Part 2: Cluster Core  
Disturbed by Wind / Shock  
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FIG. 2.ÈAbell 2634 and 3C 465. The contours show the X-ray emission from A2634, observed with the ROSAT PSPC, convolved to 60@@ D 35 kpc
resolution. The gray scale shows a 327 MHz VLA image of 3C 465. The image is 900 kpc on a side.

For the purposes of this paper, we use this analysis to
extract typical densities and pressures characteristic for the
region in which we have Faraday rotation data, namely, the
inner 100È200 kpc of each cluster. This will be used in ° 4,
below.

2.4. Rotation Measure Imaging
VLA observations were carried out using the C and D

arrays in four frequency bands each within the C-band (4.5È
5.0 GHz) and the X-band (8.0È8.9 GHz) for a total of eight
frequencies. Standard calibration, including instrumental
polarization, was applied to the data. After cleaning and
imaging using aips, we determined the rotation measures
using a modiÐed version of the aips task, RM, which took
all eight frequencies as input. The RM program also pro-
duces an estimate of the intrinsic magnetic Ðeld direction by
correcting the polarization vectors to zero wavelength from
the rotation measure and adding 90¡.

We thus determined the rotation measure, and also the
intrinsic direction of the magnetic Ðeld, projected on the
plane of the sky. In Figures 3 and 4 we show the projected
magnetic Ðeld directions for each source. We see that the
two sources have di†erent characteristics in projected Ðeld

directions. 3C 465, in A2634, has a projected Ðeld that more
or less follows the radio tails. This is consistent with other
sources in which the magnetic Ðeld agrees with the apparent
Ñow direction. However, 3C 75 in A400 is more complex ;
interesting small-scale loops and other Ðeld structures are
apparent in Figure 3. We suspect that this is due to the
more complex Ñow Ðeld of this source (recalling that the
total intensity image [Owen et al. 1985] shows loops and
twists, which suggest the two jets are interacting strongly).
As our goal in this paper is the RM information, we defer
analysis of the polarization in these two sources to a later
paper.

We present the RM data in several ways. In Figures 5 and
6 we present RM images for each object, with the colors
chosen to highlight positive and negative RM values. Alter-
nating positive and negative RM patches are apparent in
each source ; the RM in each case appears to have a charac-
teristic ““ order scale ÏÏ of 10È20 kpc. These patches are well
resolved ; our restored beam was 3@@ ] 3@@ (D1.3 kpc for 3C
75, D2.2 kpc for 3C 465). We can characterize the RM
distribution in terms of a mean and an rms. For A400, the
mean is [7.6 rad m~2, with rms 100 rad m~2. For A2634,
the mean is [25 rad m~2 and the rms is 120 rad m~2. The

Consequences	  of	  the	  disrup-on:	  
(1)	  Jet	  bending;	  (2)	  Core	  sloshing 

Wide-‐Angle	  Tailed	  Source	  -‐	  3C465	  
contours:	  x-‐ray;	  	  gray	  scale:	  radio 

Eilek	  &	  Owen	  2002 



Some	  Recent	  Results	  by	  Other	  Groups 
10 B. J. Morsony et al.

Figure 1. Left: Simulated radio emission from model .25E at 50 Myr (log scale). Color bar shows intensity in mJy/arcsec2 and brightness
temperature at 1440 MHz. The image is 170 kpc on a side. In addition to the two bright radio jets, there is diffuse synchrotron emission
filling the cocoon created by the jets. The surface brightness of this emission is ≈ 10 − 100 times fainter than the jets. Right: Same as
left panel, but overlaid with the best fit radius of curvature (white circle). The radius is 37 kpc.

Figure 2. Best fit radius of curvature at different times for model .25E. The radius varies about 15% between measurements. The
overall mean radius is 35.5 kpc with an error of 7.9 kpc.

c⃝ 0000 RAS, MNRAS 000, 000–000

Purely	  Hydrodynamic	  Jet 

U	  Minnesota	  Group	  
O’Neill,	  Jones,	  et	  al.	  
Nol-ng,	  Jones,	  et	  al. 



Some Generic Considerations 
•  Tail:	  ~	  100	  kpc	  
•  AGN	  LifeBme:	  100	  Myr	  
•  Need	  wind	  speed:	  1000	  km/s	  
•  Sound	  speed:	  	  800-‐1000	  km/s	  
•  For	  field	  galaxies	  falling	  into	  the	  
cluster	  center,	  like	  NGC1265,	  the	  
speed	  ~	  2000	  km/s	  

•  For	  central	  galaxies,	  they	  could	  be	  
under	  influence	  of	  “weather”	  

•  Curvature	  determined	  by	  jet	  
internal	  ram	  pressure	  over	  jet	  
external	  ram	  pressure 

3C465 

NGC1265 

Begelman+79 



Wind or Shock 
continuous wind 

impulsive shock 



Core Sloshing 



magnetic tower jet 7

Figure 1. Core sloshing
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Kelvin-Helmholtz Instability 

8 Gan et al.

Figure 2. Time variation of v

x

at specific locations, blue solid: (x,y,z)=(0,0,0); green bashed: (x,y,z)=(0,0,0); red dot-dashed:
(x,y,z)=(0,0,0)

Figure 3. shear motion

<	  1/4	  	  	  	  for	  instability 



Asynchronous Sloshing Pattern 
8 Gan et al.

Figure 2. Time variation of v

x

at specific locations, blue solid: (x,y,z)=(0,0,0); green bashed: (x,y,z)=(0,0,0); red dot-dashed:
(x,y,z)=(0,0,0)

Figure 3. shear motion



Part 3: Formation of  
NATs and WATs 



Pure	  Hydro	  Jet 
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Current	  in	  z	  direc-on 

Model	  setup:	  unit	  of	  length,	  5kpc;	  typical	  ICM	  density	  10^-‐4/cm^3	  and	  temperature	  5	  kev;	  
iniBal	  background	  profile,	  King’s	  beta	  model	  plus	  a	  compact	  core.	  Jet:	  magneBc	  tower	  model	  
(Li	  et	  al.	  2006),	  injected	  energy	  2*10^59	  erg;	  Wind:	  density	  10^-‐4/cm^3,	  speed	  800	  km/s. 

Disrupted	  Magne-c	  Tower	  Jet 

3C465 





Effects of A Shock Passage 



Summary 
Core Sloshing:  
1) Seems inevitable when there is wind, KHI excited when wind speed is high,  

induces turbulence in the core region;  
2) Could disrupt the jet morphology, enhancing the jet feedback to core region.  
 
Hydro Jet: 
1)  K-H instability, difficult to form lobes, KHI on the lobe surface are not 

observed? 
2)  Typically difficult to survive with influence of wind; 
3)  With similar jet power, jet speed is larger than that of MHD jet, i.e., easy to 

escape without energy dissipation; 
 
Magnetic Tower Jet: 
1)  Kink instability, but usually survive against the disruption of wind; 
2)  Lobe morphology consistent with observations; 
 


