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Deceleration of FRI jets
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Kharb et al. (2012) also found X-ray emission from these regions in 15/21 FRI’s.
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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.
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(Lauer et al. 2007).

The stars are assumed to be all the
same, with stellar mass losses
1011-1012 M@yr'1.

9.50e-01

axial velocity

200

2.41e-01

-200

-4.68e-01

injection point at 80 pc — initial jet radius 10 pc

o - r %l (‘f—rs)/a 560
s-o(?) (+(3)) -
p=qo |~ =

3,010 T T

2,5:10"
2.0-10"F

1.5-10"F

v (cm s”)

1,0-10"}

5.0-10°f

0:

2000

2(pc)
25107 Lﬁf? .
8.51e-01 0 ) ) P .
500 1000 1500 2000
2(pc)
leptonic mass fraction
200

1.26e-02

-200

1.87e-04

Perucho, Marti, Laing, Hardee 2014



RMHD simulations: 1D code — mass-load

r<z
The approximation is valid as long as: UT, qu LV~

r o} z
B" < B?, B® | Komissarov, Porth, Lyutikov (2015)

Under these conditions, the steady-state equations of RMHD can be accurately approximated by the
1D time-dependent equations, with the axial coordinate acting as temporal coordinate

SIMULATION SETUP
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Results
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Stars as triggers of mixing and
e deceleration
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Interaction scales
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If t, =Ry,/Vs with v =100 km/s

Shear layer of 1-10% of the jet radius: 108 cm / 107 cm/s ~ 1034 yr

10*%yr >3x10%-10°yr ! (R; = 10pc)

The process could thus be continuous with one star entering the jet every 1- 10 pc
mixingf layer

Region

steepening

mixing layer expansion (De Young 1993) V’;(plSM /)M :

Flaring Region

In FRI sources, the mixing layer expands across the jet ~ 100 pc
along ~ 3 kpc (Wang 2009, Laing & Bridle 2014): _
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jet boundary




Summary

— Mass load by stellar winds seems to be insufficient to
decelerate classical FRIs with the stellar populations in
elliptical galaxies.

— They can, however, strongly affect jet composition and
the distribution of energy fluxes (particle dominated).

— The process can dissipate a significant amount of
kinetic energy.

— Deceleration can be caused by the continuous

disturbance of the jet surface by entering/exiting stars
and clouds.
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Observability

The value of R, . would represent, for M87, 102 pas — 0.1 mas (for the largest bubbles).

The latter is below the resolution achieved at 15-43 GHz (Kovalev et al. 2007,
Walker et al. 2018) and around that at 86 GHz (Kim et al. 2018).

However, the regions observed at those frequencies are compact and the expected
number of large bubbles is therefore strongly reduced if compared to larger scales.

Flaring:
The number of simultaneous interactions is given by  Njy o ns(z) Vj o ng(2) Rj(:)2

The jet expands with z¥, with k>1 at the flaring region.
If the number of stars drops with an exponent smaller than 2k, then the number of
interactions and, thus, the global energy dissipation produced by jet-star interactions

would grow with distance in this region, as a plausible cause for the observed flaring
(e.g., Laing & Bridle 2014).



