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Structured jet in M87
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Jet de-collimation

Centrififugal RT instability de-collimation and
decelerate the jet

Meliani &Keppens 2007, 2009
Millas, Keppens & Meliani 2018

Gourgouliatos & Komissarov 2018



Overview — Basic principle de MHD jet production

e Basic MHD mechanism: Blandford (1976); Lovelace (1976)
* Acceleration by rotating black holes (Blandford & Znajek [1977])
» Acceleration by rotating [thin] accretion disks (Blandford & Payne [1982])

B
B
Inertia generates toroidal field
black hole :
et and poloidal current
*Acceleration by Lorentz-force
\ . ‘Y jXB+pE
disnd VL) and thermal force

‘ Collimation due to tension in
the toroidal field




Initial state in a glimpse

Speed profile

e Lorentz factor ~30 (inner jet), ~3 (outer jet)

e Approximately constant in each component

* No discontinuity in vy, at the interface but assume differential
rotation

e Typical values for AGN jets

Density profile

( 6.9200xt » r < rin
e p(r)=X 119.94-10%poyr, Tin <T < Tyt
\ Pext » I > oyt

Assume a polytropic equation of state:

14 reff’in= 4/3 (hOt)
° reff,out=5/3 (COId)

Time: 13.1 (yearn)

alog10(rho)

2.08

1.56

1.03

0512

-0.0100




Structured jet model

=
]
=
v
a
=
Q.
)
., 5
Awu =}
w
-
=
)
|||||||||||||||||||||||||||| J
=
2 r
%
o w0
<
S
%
)
wa\ =
it ) 7] ) T = v ]
=
o A a Q — —
~
[
=)
N
RO
N
=
W
N
=
b@@ -
o N
A.U =)
W
-
(=]
=
=t
(=]
w
1<
(=]
S
=

0.010¢

=3
e
=
W
N
=
po
L) =
%, ]
£ =3
-
=
o
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 1-
=
o
‘¢
ovo
o w
<
=
2o
%
3. % g
Ao g -+ N a — P
_—
)
=]
-
RO
12
=
W
122
>
po)
% S
> 1
b (S
W
1=
>
o
s
R e
(>
\00
W
12
>
||||||| \0\. e __
,\600
. ?. .
on N — — o~




High energy flux outer jet

Inner wind

1/3 of jet section
Fast 7, = 30

5% of total energy

The same amount of
angular momentum is
extracted by the inner wind
and outer jet

Vo
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Outer jet

2/3 of jet section

Slow [z *3
95% of total energy

030 PO



High energy flux outer jet

Time: 0.000 (year)

0.46609

-0.068970

Logarithm of the commoving frame density



Low energy flux outer jet

Inner wind Outer jet

1/3 of jet section 2/3 of jet section

Fast 7z ~30

Slow 7, =3

30% of total energy 70% of total enerqgy

magnetize

(poloidal magnetic field)




Low energy flux inner flow

Time: 32.6 (year)

Time: 65.2 (yearn)

aleg10{rho) aleg10{rho)
2.123

2.123
1.084 l] 084

0.04395 - X 0.04395

-0.9957 -0.0957

-2.035 -2.035

Logarithm of the commoving frame density

lime: 163. (year)

alog10(rho)
2.123

|1 084
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Interface stability

Time: 32.6 (yean)

alog10(rho)
|2.07
w04

0.0115

-1.02

-2.05

Analogous of Rayleigh-Taylor
instability

-

Centrifugal force - pressure
equilibrium can be instable

~

-
/
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Angular momentum
extraction from the inner jet

J
~

J

trifugal force

Rotation

ainssald



Instability criterion

[ Toroidal speed

Enthalpy

W X kl(yzh+B2 +v?Bg). — (v?h + BZ +y*Bj)

out

Lorentz Time: 32.6 (year)
factor Poloidal
magnetic fleld

alog10(rho)

2.07
I] .04

0.0115

-1.02

-2.05




The effects of toroidal magnetic field (phase I)

o

Time: 65.3 (yrs) Time: 65.3 (yrs) Time: 65.3 (yrs)

c =0.001 c=0.01

t = 1 rotation



The effects of toroidal magnetic field (phase Il)

o

Time: 130.6 (yrs) Time: 130.6 (yrs) Time: 130.6 (yrs)

c =0.001 c=0.01

t = 2 rotations



The effects of toroidal magnetic field (phase i)

Time: 195.8 (yrs) Time: 195.8 (yrs) Time: 195.8 (yrs)

c =0.001 c=0.01

t = 3 rotations



Deceleration — de-collimation of the jet

Effective radius (whole jet) over time
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Conclusions

Rotation of relativistic jet induces RT centrifugal instability.

Toroidal magnetic field stabilise the jet against RT instability.



