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3D global jet simulation
NASA Pleiades

system size: 2000Ax1000Ax1000A

jet radius: 100A
total particles: 43 billions

Haswell 7.1GB/processor
10,000 processors
/1.1TB memory

2.45 hours

Jet injection orifice

Jet length: 10ppc
=1700c

Ambient plasma

Jet front



Electric and magnetic fields created self-
consistently by particle dynamics randomize
particles
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electron-ion ambient t=59.8w,!
-Jx (red),
magnetic field lines (white)

Particle acceleration due to the local
reconnections during merging current
filaments at the nonlinear stage
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Comparison with different mass ratio (electron-positron and electron-ion)
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60 60 . . . . , . .
(©
ne
40} 40k
n n
20f 20
-
0 0 + + + + + 4
0.3 03 (d)
0.1f 0.1f
E E IE|
0.01 0.01 /
|B]
9.001 5001000 1500 2000 25{)0' 3‘000 3500 0.001 500 1000 1500 2000 2500 3000 3500
X/A X/A
log, N log, N
- amb el i amb el i
X/A>2000
3 456 810 20 30 50 70 100 11/39 "3 456 810 20 30 50 70 100



Recent electron-ion simulation (Electrostatic shock and double layer)

m;/m, = 20
70 vl 1 > 70f
60 totol I ¢ »n 60F totol
: jet : 3 3 jet
(% 50' i'nembicnl ! T EJ 505- i:embient '
Z 40f | © 40
L) 3 ' b 3
S 30F | S 30¢
g 20} 5 20}
10E W 10E
Ot : i X o OF . -8
0 2000 4000 6000 8000 0 2000 4000 6000 8000
x/A x/A
~_— ambipolar
s 19f = ] = 2 | q electric
2 OR=—23 4! 12 9 { field
L 0.5F Bz | i & O05¢ :
£ 0.0 i 2 00
Z -0.5} | i © -05} x|
Q - . : e ‘ E il ‘
S -1.0F P i o -1.0F || :
b ' | 1 ' |
-1,5 » M M 1 -y A —1,5 . M A 1 gy al
O 2000 4000 6000 8000 0 2000 4000 6000 8000
x/A x/4

(Choi et al. PhPL, 2014)



Simulations of KHI with core and sheath jets

slab model
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KKHI with Core-sheath plasma scheme

Ye=15 = 3000,

e - p (proton)
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New KKHI simulations with core and sheath jets in slab geometry
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J, Current structures
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3D structure of current filaments and magnetic field
et Yit =5 t=2500,

J, with magnetic field lines BZ with current streaming lines

0.00

(Nishikawa et al. 2014, ApJ)



Cylindrical kKHI simulations
V=5 t=3000,

user: knishikal user: knishikal



Snap shot of electron density of global jet simulations
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3D snapshots of current (J,) isosurfaces with magnetic field lines
1

Evolution of shock and instability is different for electron-proton Yj = 15 1= SOOw;e
and electron-positron

e-p white lines: magnetic filed lines
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Contour

DB: visJxDAskWHO3_016.vt
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3D global jet simulation
NASA Pleiades

system size: 2000Ax1000Ax1000A

jet radius: 100A
total particles: 43 billions

Haswell 7.1GB/processor
10,000 processors
/1.1TB memory

2.45 hours

Jet injection orifice

Jet length: 10ppc
=1700c

Ambient plasma

Jet front



Snap shot of electron density of global jet simulations with arrows (B
Yy = 15 t=1,7000,, n, =0.67n,,, at the center of the jet X/A=1200

x,y,z)
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Snap shot of current density (J,) of global jet simulations with arrows (B, , ,)
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Phase-space distributions of electrons (X - Vx, and X - Vz)
red: jet electrons, blue: ambient electrons
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e-p

Snapshot of |ExB|in x - z and y - z planes with arrows (ExB), , ,

collimation due to toroidal magnetic field
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Snapshot of |B|in x - z and y - z planes with arrows (E, , ,)
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3D structure of the x-component of current (J,)
with magnetic field lines
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3D jet structures of J, and magnetic field lines for e-p
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DB: visEdJ0O8aqgSS_034. vtk
Cycle: 34

Contour
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3D jet structures of J, and magnetic field lines for e*
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Current filaments behind the jet head

proton currents maintain
the original jet boundary

e-p
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Reconnection 1n jet

fast collisionless
reconnection

Reconnection switch concept:
Collapsar model or some

other system produces a jet
(with opening half-angle 6))
corresponding to a generalized
stripped wind containing many
field reversals that develop
into dissipative current sheets
(McKinney and Uzdensky,
2012, MNRAS, 419, 573).

This reconnection needs to

be investigated by resistive
RMHD, which is in progress
within our research effort.



3-D kink instability with helical magnetic field

Relativistic jet with
helical magnetic field,
which leads to the
kink instability and
subsequent
reconnection, can be
simulated using
resistive relativistic
MHD (this simulation
was performed with
ideal RMHD code).

(Mizuno et al. ApJ, 734:19 (18pp), 2011)



Slllical magnetic field
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Summary of Kinetic Kelvin-Helmholtz Instability

1. Static electric field grows due to the charge separation by the
negative and positive current filaments
2. Current filaments at the velocity shear generate magnetic field
transverse to the jet along the velocity shear
3. Jet with high Lorentz factor with core-sheath case generate higher
magnetic field even after saturated in the case counter-streaming
case with moderately relativistic jet
4. Non-relativistic jet generate KKHI quickly and magnetic field grows
faster than the jet with higher Lorentz factor
5. For the jet-sheath case with Lorentz factor 15 the evolution of
KKHI does not change with the mass ratio between 20 and 1836
6. Strong magnetic field will affect electron trajectories and create
synchrotron-like (jitter) radiation which will be investigated
/. Global jets with combined of Weibel instability and kKHI need to
be investigated further and with helical magnetic field

(for detail please see (Nishikawa et al. 2014, ApJ)



Summary for global jet simulations

The size of jet radius is critical for the evolution of jets
The simulations with jet radius r;,, = 200A show the clear
differences electron-proton and electron-positron jets
The electron-proton jet shows jet collimation due to

the toroidal magnetic field generated by kKHI

The electron-proton jet shows the well-defined jet
boundary by the edge current by protons

The electron-positron jet shows the growth of kkKHI and
the Weibel instability which generate the strong current
filaments expanding outside the jet

The electron-proton jet shows strong toroidal magnetic
field in the whole jet which may contribute
circularly-polarized radiation

Further simulations with a even larger system (larger

jet radius) need to be investigated



Future plans

Further simulations with a systematic parameter
survey will be performed in order to understand
shock dynamics including KKHI and reconnection

Further simulations will be performed to calculate
self-consistent radiation including time evolution
of spectrum and time variability using larger systems
Investigate radiation processes from the accelerated
electrons in turbulent magnetic fields and compare
with observations using global simulation of shock,
KKHI and reconnection with helical magnetic field
in jet (GRBs, SNRs, AGNs, etc)

* Magnetic field topology analysis for understanding

reconnection evolution
« Particle acceleration and radiation in recollimation
shocks



