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Radio-source evolution: PD diagram
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Deceleration of FRI jets
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Deceleration of FRI jets
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Deceleration: role of the ambient
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Deceleration: role of the ambient

medium
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Deceleration: ambient medium and

Instabillities

dashed-red line: ambient density

profile in the 2D simulations.

solid-blue line: ambient density
profile in the 3D simulation.
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Perucho et al., in preparation
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L=10%erg/s, 0;=10* 0 40, 0;=0.8 m,/Cm?,
vi=0.92 ¢, T,=5107K.

DB: OUTPUTJ3HTRAA-00000.h5
Cycle: 0 Time:0

Pseudocolor
Var: 00001/densty

—

Ratpenatis a HRSC, 3D RHD code that combines
MPI and OMP parallelization. It includes a
relativistic equation of state, which allows us to
introduce different populations of particles.



Deceleration: ambient medium and

Instabillities

DB: OUTPUTJ3H1RAA-00093.h5 A B OUTPUTIZHTRAA-00093.15
_ )| Cycle:0 Time:0

Cycle 0 Time:0

DB: OUTPUTJ3HTRAA-00093.nh5
Cycle: 0 Time:0

The jet develops
pinching and (induced) e
helical instabilities and it=
is disrupted beyond the
density core.

eceleration of the jet
head and development
of fat lobes is expected
following this disruption.

See Rossi et al. (2008) for the case
of a homogeneous ambient medium.

uuuuuuuuuuuu



Deceleration: iInnomogeneous media

Wagner & Bicknell (2011)
Wagner et al. (2012) Homogeneous versus clumpy medium



Deceleration: |

Shear layer
(a) Sussowic ' —

LagoraToRY JET -
/”::::/’:/1::;:—"/
/-//_//__/ — SELF~SINILAR
\/s\/:.//_ —= =% __~ TURBULENT
p— —_— T =" LW NITH
=~ = _ T “™——__——— SHEARED VELOCITY
-~ —~ —~ 10 arcsec
— T -~ T PROFILE
— o

‘\\\:T‘t::_\
Laminar ™~ (a) . . |
Lo %X\\ Laing & Bridle 2002, 2014

Recion oF
DEVELOPING SHEAR ENTRAINMENT FLOW

>

; Spine
\

(

-

)

Shear layer

Shear-layer loading by turbulent mixing.

=
Q
>
Q
®
—
o
N
o
o
~O

(8)  SuPERSONIC
LasorATORY JET

APPROX. BOUNDARY 0 T environment
LAMINAR FLOW - ——

I's

—_ e e ——— -

shear layer i

1
i laminar jet T
1 :
1

— AGN @:-
—— x
ANNULAR TURBULENT WELL DEVELOPED
BOUNDARY LAYER '
D1AMOND SHOCK LAYE TURBULENT FLOW brightening point

STRUCTURE

Bicknell 1984

Flaring Region

Outer Region



Deceleration: instabillities
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Deceleration: instabillities

S/S,
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t(Rjc)

2D simulations of temporal evolution
of KH instabilities in relativistic flows.

Deceleration distance 300 pc -3 kpc

Mixing layer width (R) "§‘ L1
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20

Perucho, Marti, Hanasz (2005),
Perucho et al. (2010):

KH instability. The disruption
process can be slow if the
growing modes have small
wavelengths.

t (R/c)



Deceleration: instabillities
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Deceleration: instabillities
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Deceleration: instabillities
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Perucho et al. 2005, 2010:
KH instability. The disruption
process can be slow if the
growing modes have small
wavelengths.



Deceleration: instabillities

0836+710: The jet is possibly disrupted by the

growth of instabilities.
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Deceleration: mass load by stellar

winds

Worrall et al. 2008, Goodger et al. 2010, Wykes et al. 2013, 2015, Muller et al. 2014.
Possible interaction with obstacles in Centaurus A: Clouds, O/B type stars?

R TP oI ST I [ Y G0, O WS D R =W 1) e " ) Tk PSR, LS. WS
30 B1A r x2n 30 | i pe
I ' ABA A A i { i 7
| | 7 ASA i~ w8 59'00" | ox2 ol -\/ / oy
45 | A "
B2 . /238 i w A F # . . o
—~ r = iy ) ~~ . % J b AX:
S I e ' Gl My 3 30" ’ u/ whe
S . A4 |\ I 8 I
(_\; 0100 | ASKL | T AD A q [ £ mm,:-::-u” o
~ F = T SJ2 wetate e mm ms e ae | ~ ° ! ll . A
< N7 o it c 43’0000 : , :
S S1 S | X3 ]
E 15 SJ/ — .g 30" E 3/, /BX1y ............... ]
3] I 1 ° B, g
® SJ3 o - : aao g
(=) " I 1 8 , o » In. .
30 ¢ . 01'00" F s w~ v
L At ] o ¥ [ N ST1SXIZA
1 —43%01'30" | : , : s | ¥
_43%0145" |- Al ] 43°0130" | e s»q&f‘( 1
B . Fieed IR TVt ] 1| 111X SRR e e TN N LR U T A A AN o e e o ,L,SX.ZE ..... b i
13N25M34° 328 308 28° 26° 248 13"25M445  40° 36° 32° 28° 24%

SEE TALK BY
S. WYKES

1 arcmin

FiG. 1.—A 0.8-3 keV unsmoothed rotated image of the six Chandra exposures comprising the Cen A VLP, with 0.492 x 0.492 arcsec” pixels.



——.2.:"/| FRI deceleration due to
TRREREKS mass-load of stellar wind
gase

Komissarov 1994 (RHD
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Deceleration: mass load by stellar

winds

Following Komissarov (1994), Bowman et al. (1996), we performed simulations
of FRI jets with a source term in mass accounting for mass-load from stellar
wind.

Laing & Bridle (2002) studied this case in 3C31 (104 erg/s): concluded it was
not enough to decelerate the jet flow.

Model Velocity Density Temperature FPj/Pam L qo Jet length tsim
[c] [g/cm®] (K] lerg/s]  [gyr—!pcT?] [kpc] [Myrs]

Po 0.99 9.65 x 10—30 3 x 109 17.6 1044 4.95 x 1022 2.2 -

Pr 0.99 9.65 x 10—30 3 x 109 17.6 1044 4.95 x 1022 2.2 =

AO 0.95 3 x 1033 3 x 10!! 0.54 5 x 10%1 0 1.5 1.6
A 0.95 3 x 10733 3 x 10!! 0.54 5 x 10%1 4.95 x 1022 2.1 24.0
B 0.95 3 x 10—34 3 x 1012 0.54 5 x 1041 4.95 x 1022 2.0 21.0
C 0.95 3 x 1035 3 x 1013 0.54 5 x 1041 4.95 x 1022 1.8 19.0
D 0.95 3 x 1035 3 x 1013 0.54 5 x 1041 4.95 x 1021 1.8 18.0
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Deceleration: mass load by stellar
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Deceleration: mass load by stellar

winds
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Deceleration: mass load by stellar

winds

2000

1500

1000

L.(pc)

LI I L I LI I L L L

500

Advance of the jet head

' ’ .,
) Y
AR v

5.0-10° 1.0+10°

t(yrs)

1.5-10° 2.0-10°

Perucho, Marti, Laing,

Hardee 2014



Conclusions

Jet power and environmental properties (including stellar
population) seem to determine the evolution of radio-sources.

Jet deceleration:

O Strong recollimation shocks in steep density gradients (not
tremendously favoured by the observations).

O Small scale instabilities in jets with L~10444 erg/s can cause mixing,

dissipation, increase of inferndal enérgy and subsequent expansion
within the expected FRI deceleration scales.

O Long wavelength instabilities can cause the disruption of powerful jets
in the long-term (possibly also the flaring of the inner spine in FRI'se).

O Mass load by stellar winds and clouds can efficiently decelerate low-
power AGN jets with L~1041"42 erg/s (Seyfert, LLAGN galaxiese), if the
stellar population is old with Weok stellar winds.



Deceleration: instabillities
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