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C@J Univaraty AGN-ICM INTERACTION
Aims of this study:
1. Understand the jet energetics
and jet components

3. Estimate jet velocity

4. Complex source morphologies

5. Heating of the ICM
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¢ Reconfinement shocks
in laboratory jets: (Mach,

1890)

¢ Astrophysical jet knots
are reconfinement

shocks.
(Norman et al., 1982)
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Axisymmetric model
for mnner 10 kpc

ICM

inlet

' jet origin

MODEL SETUP

3D precessing jet model

code: PLUTO

for mnner 30 kpc

jet origin
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JET PARAMETERS

Lorentz factor  Velo city Density parameter

Power . Jet inlet radius
/ ressure
e = 14 el
Jebt C et ' Xjet
1 g L;
/y e & Jet =

Piet 62 (BICKNELL 1995)
(5jet pjet)

\

Internal energy density

INTRACLUSTER MEDIUM

ATMOSPHERE MODEL BASED ON THE X-RAY DATA
PRESENTED IN DAVID ET AL. 2001
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INLET RADIUS FLow MACH
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(BIRKHOFF &
ZARANANTONELLO 1957)
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Distance (kpc)

BEST FIT VALUES

ot = 0.8
ELECTRON-POSITRON JET: Y1 ~1 Piet

ELECTRON-PROTON JET: 71 ~700

JET COMPOSITION
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Best fit parameters
Precession period, P =1 Myr
Precession angle, y = 20°
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Jet parameters:
P2 102 erosis
,Bjet: 0.8

pjet/pa =3

Ajet = 13

25

32
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ICM:
Modelled from the X-ray
data of David et al. 2001

(in ar

I,

10

Gr1d resolution:
456 x 456 x 456
11 cells across the jet
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Hydra A northern jet Simulated jet

Turbulent
transition
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Optimal view for Hydra A moments 1s obtained(at 6 = 42°and y = 45°
which gives @ = 12.5°

cale)
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« bow-shock location

v, =1.63 x10° cm—s!

/Forward bow shock

Bow shock location (kpc)
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@ 1.85;)PRESSURE JUMP ACROSS SHOCK: 3.4

MCNAMARA ET AL. 2012 -> GENTLE HEATING
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[HEORETICAL TIME SCALE

Outer disk
angular momentum :
inner fiie —5.6 % 10%a'1% (0//0.03) >
disk
| < (L/(0.1Lg))" /8 M1 (¢/0.3)/8 yr
black (Natarajan & Pringle 1998)

Outer disk

Using Natarajan& Pringle 1998 formula :

2/3
b~ 1.5x10° o2/3 (A2 )5/3 T : ) il yT
5 0.03 0.01 1 P

/ jet,

BLACK HOLE

BLACK HOLE

SPIN PARAMETER DISK HEIGHT AT
MASS
RADIUS r
PRECESSION
ACCRETION DISK Zinleliz et
TIME-SCALE PARAMETER

PARAMATER
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1. BRIGHT KNOTS OF HYDRA A ARE RECONFINEMENT
SHOCKS.

2. JET VELOCITY FROM THE SPACING OF THE BRIGHT
KNOTS AND OSCILLATION IN THE JET RADIUS:

b =0.8c

(FIRST TIME USED IN EXTRAGALACTIC JETS)

3. COMPLEX RADIO MORPHOLOGY IS REPRODUCED:
JET PRECESSION~1MYR PERIOD AND 20° PRECESSION
ANGLE.

4. GENTLE HEATING OF THE ICM

5. THEORETICAL PRECESSION TIME-SCALE
OF HYDRA A JETS: 1TMYR
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