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Why are Jets so mysterious?

Jet powers are well constrained, but ...
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Why are Jets so mysterious?

Jet powers are well constrained, but ...

? FRI/ FR I
~ Dutycycles intrinsic or environment?
link to BH accretion| ®

Several unknowns

Observations: obscured,
sparse, small scale gas.
Simulations: need to link
several physical scales.

Blandford, Znajek 1977
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S0, can jets from AGNs...

IN GALAXIES, few Myr
...directly reduce SF?

(positive VS negative FB)
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IN GALAXIES, few Myr
...directly reduce SF?

(positive VS negative FB)

Silk + 201 3,
Dubois + 2013, ...
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So, can jets from AGNs...

IN GALAXIES, few Myr IN HALOS, >100 Myr
...directly reduce SF? ...prevent cool flows by heat!?

(positive VS negative FB)

Silk + 201 3,
Dubois + 2013, ...
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S0, can jets from AGNs...

IN GALAXIES, few Myr IN HALQOS, >100 Myr
...directly reduce SF? ...prevent cool flows by heat!?

(positive VS negative FB) Perseus cluster
~150 kpc

CHANDRA
nasa.gov “

I V. Gaibler (+),2014 (12), ...

mechanisms (bubbles, etc.)

 _ Sik+2013, , - .
V" Dubois + 2013, .. invoked with little testing
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My setup, in the FLASH code

Dark Matter

NFW potential
(static, spherical, external)

ot halo
sothermal, self-grav + DM
nydrostatic equilibrium, rad. cooling

Dews = Aexp (_m_cp) pd 3ln(l + )

kT kT T

(e.g. Mhalo — 2e I 2 Msun =>T ~ 566 K)
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My setup, in the FLASH code

Dark Matter
NFW potential

(static, spherical, external)

ot halo
sothermal, self-grav + DM
nydrostatic equilibrium, rad. cooling
Dees = Aexp (_Tg_ﬁ) _% _ 3111(1: )
(e.8. Mhaio = 2e12 Msun =>T ~ 5e6 K)
® |et
density contrast |:100
Piet = Piet A Vie® = le42-1e46 erg/s
FRI/FRIl: Mach 5 - Mach 100
on/off cycles: 1-100 Myr

DB: s200m 10P45b640110_hdf5_plt_cnt_0087
Cycle: 4964 Time:8.57543

FRII:
recollimat
shocks

/

Okpc
:10-150 pc
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My setup, in the FLASH code

® Dark Matter
DB: s200m 10P45b640110_hdf5_plt_cnt_0087

NFW potential Cycle: 4964 Time:8.57543 |
(static, spherical, external) FR]I:

recollimat
Hot halo
shocks

sothermal, self-grav + DM

nydrostatic equilibrium, rad. cooling /
Dees = Aexp (_Tg_ﬁ) _% _ 3111(1: )

(e.8. Mhaio = 2e12 Msun =>T ~ 5e6 K)

Jet

density contrast |:100

Piet = Piet A Vie® = le42-1e46 erg/s

FRI/FRIl: Mach 5 - Mach 100

on/off cycles: 1-100 Myr

Warm gas clouds (le4 K) OkPC
in a central galaxy + SF with :10-150 pC
e Sink particles. One day. - - -
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DB: s200m5P42b640110_hdfs_plt_cnt_0000
Cycle: 1 Time:0

Pseudocolor 4)
Var: temp I O erg/s

l].Oe+1O |20 kPC

- - 1.4e+09
- 2.0e+08
2.8e+07/

- 4.0e+06

Results: Evolutionary stages
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DB: s200m5P42b640110_hdfs_plt_cnt_0000
Cycle: 1 Time:0

Pseudocolor 42 . L_ocoon
Var: temp IO erg/s 1 and HS

I . 120 kpc formation

- - 1.4e+09
- 2.0e+08
2.8e+07/

- 4.0e+06

Results: Evolutionary stages
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DB: s200m5P42b640110_hdfs_plt_cnt_0000
Cycle: 1 Time:0

Pseudocolor 42 . L_ocoon
Var: temp IO erg/s 1 and HS

I . 120 kpc formation

- - 1.4e+09 :
12. Forward

-2,0e+08 ' propagation
2.8e+07

- 4.0e+06

Results: Evolutionary stages
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DB: s200m5P42b640110_hdfs_plt_cnt_0000
Cycle: 1 Time:0

Pseudocolor 42 . L_ocoon
Var: temp IO erg/s 1 and HS

I N 120 kpc formation

- 1.4e+09 :
12. Forward

-2,0e+08 ' propagation

3. Lobes
| inflation

2.8e+07

- 4.0e+06

Results: Evolutionary stages
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DB: s200m5P42b640110_hdfs_plt_cnt_0000
Cycle: 1 Time:0

Pseudocolor 42 . L_ocoon
Var: temp IO erg/s 1 and HS

I 1.0e+10 | 20 kPC formation

C1.4e+09 |
12. Forward

- 2.0e+08 ' propagation

> Bes07 3 obes

inflation

406406 4. Bubbles
. (jet off)

Results: Evolutionary stages
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Results: Energy and Volume Coverage

“p dV” Mechanical Work
as fraction of Pt
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Results: Energy and Volume Coverage

“p dV” Mechanical Work Volume coverage within
as fraction of Pie rcool ~30kpc (2e12 Msun)
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Results: Energy and Volume Coverage

“p dV” Mechanical Work Volume coverage within
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DB: 2OOI\/I20|rgr;_hde_pIT_cn’r_OOOO
Cycle: | ime:0

10* erg/s
~|50 kpc

Can the volume fraction
increase with multiple injections?
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DB: ZOOI\/IQOIrgr;I hdfS_plt_cnt_0000
|

SRR T Results: angle flip

10* erg/s
~|50 kpc

g Can the volume fraction
increase with multiple injections? Not really I(
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Summary
® Can we simulate AGNs radio mode with AMR?
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® Do jets have enough energy! V

® Do they affect enough volume in the ISM?
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