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Outline of talk

1. Introduction of relativistic jets and Weibel instability

(Nisikawa et al 2009)
2. Magnetic field generation and particle acceleration in Kinetic
Kelvin-Helmholtz instability (Nishikawa et al. ApJ, 793, 60, 2014)

3. Global jet simulations with shock and KKHI with large
simulation system (Nishikawa et al. ApJ, 820, 94, 2016a)
(r;; = 100A)

4. Global jet simulations with helical B fields (reconnection)
(Nishikawa et al. Galaxies, 4, 38, 2016b) (r;;=20A)

S. New results with larger jet radius with short system
(r;; = 40A, 80A, 120A) (Nishikawa et al. Galaxies, 5, 58, 2017)

6. Two different Helical Magnetic Field structure
(a =r=a/4 and a/2)

7. Synthetic Spectra and Polarity Images

. Summary

9. Future plans
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Key Scientific questions

 How do global jets evolve with different species?
« How do helical magnetic fields affect kinetic instabilities,
shocks and reconnection?

« Jets in Jets really happen due to reconnection?

Why we need to perform RPIC simulations of
relativistic jets

* Kinetic instabilities (e.g., kKHI, (Ml), and the Weibel instability) are key
in understanding jet evolution
« Helical magnetic fields are crucial in understanding these instabilities
* RPIC global jets simulations are new and innovative and provide complex

evolution of relativistic jets with kinetic processes including radiation
which cannot be done by RMHD simulations



Multi-frequency emission from relativistic jets generated
by mergers with realistic jet structures

t/M = 4606
0.5¢c

Ruiz et al. 2016



3D global jet simulation system size: 2000Ax1000Ax1000A

Rk L laces jet radius: 100A
total particles: 48.8 billions
7 Haswell 7.1GB/processor

10,000 processors
5.76TB memory

7:55 hours

Jet injection orifice
with helical magnetic fields

Jet length: 10upc
=1700c

Ambient plasma
Jet head



Pleiades (2000x1000x1000A3)

counterclockwise

polarity switched

clockwise

e— - p+

The y component of magnetic field (B ) in x-z plane at the center of jet (E, ,)
no helical magnetic fields

9202

+0.5119 +0

+4.064

+5.529
CASRNRNLEE 1P A UL R S S UL D R T

+5.638

PRERS R T S B R R T TR e PP AL PR O I I L

PR B S

B
N

'
O g e

ey Y
LN,

£ op

N e

,
PR AT
e e sP NN dimn ag i An pir e R

v« y aassmmay cnesy,

=

S gt &, B

R

R I I R
Plewostensy an
R TR
.ﬁ.y..';p..;
‘
‘

TunsanatiTegy
g e o

Sieaid g uln Wh AR vid e e s

X/A

X/A

X/A

+0.9491

+3.022

+2.984

+2.260

A
phcsl.

T ol

T 2 Teww s

.y
Ponsithee il

tw e~

P |

Mg Al Ry Sy i o o

sally s wayanie
| AR
o

Prettea
RS NN

+0.7585

e

TTTT

800 9200 1000 1100 1200 1300 1400 1500 1600 1700 1800
X/a X/A X/A X/A

700

(Nishikawa et al. 2016a)

present short simulations
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Reconnection in astrophysical system

Jet in jets are discussed by Giannios et al. 2009; Komissarov et al. 2009;
Zhang & Yan 2011; Nalewajko et al. 2011; Cerutti et al. 2012,

Granot et al. 2012; Komissarov 2012; McKinney & Uzdensky 2012;
Sironi et al. 2015; Duran, Leng, & Gianios 2016
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Reconnection with Harris model

Initial conditions: anti-parallel magnetic field generated by sheet current
(extensive simulation studies with “Harris model”)
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(Mizuno et al. 2014)

Current-driven instability may trigger reconnection?



Global simulations with helical magnetic field
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Average Lorentz factor of jet electrons y=15 B,=0.1 =500,
e— - p+ jet e+ jet
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Particle Acceleration in Helically Magnetized RPIC Jets

red: yv, B,=0.1 =15 t=500w,,
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Contour
Var: jx_current
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Electron densities and By
e— - p+ jet
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Current density J_in jets and MF streaming lines =15 B,=0.1
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Reconnection with southward IMF

schematic reconnection
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Three-dimensional topology of
magnetic fields in the magnetotail

X-points and X-line
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Growth of instabilities dependence on helical magnetic field structure a
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Poloidal component (B,) a = r;/4 and r;,/2

a-= I‘Jt/4 a= r]t/2 Bh0=0.1C
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Electron Density in x - z plane a = r;,/4 and r;,/2

a=ry/4
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Synthetic Spectra
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Image maps of polarity e = 40A at time t = 500 @ Vjer = 15
e— - p+ jet et jet
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Summary for global jet simulations
with helical magnetic fields

The evolution of jets depends on the size of jet radius
For the small jet radius (ry; =20A) (Nisihkawa et al 2016b)

The electron-proton jet shows recollimation shocks
due to the kinetic instabilities (Ml)

The electron-positron jet shows the growth of kink-like
instability which generate the turbulent current
filaments expanding outside the jet

For the larger jet radius (ry =80A and 1204)

The more complicated structures are generated by
the mixed instabilities (Weibel, kKHI, Ml and
kink-like instability).

Further simulations with a even larger system (larger
jet radius) need to be investigated with varying the
strength and structure of helical magnetic fields



We have simulated global jets with zero opening angle (cylindrical)
we will perform global jets with more realistic jet structures as shown
below

Possible scenarios with different jet structures

helical magnetic fields in relativistic jets play important roles

Scenario i: Uniform Top-hat Jet Scenario ii: Structured Jet Scenario iii: Uniform Jet + Cocoon
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Figure 5. Three potential jet viewing geometries and jet profiles that could explain the observed properties of GRB 170817A, as described by scenarios (i)—(iii) in

Section 6.2.
(Abbott et al. 2017)



Future plans

Further simulations with a systematic parameter
survey will be performed in order to understand

jet evolution with helical magnetic fields

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 and associated flares
Particle acceleration and radiation and flares

in shocks and reconnection with helical magnetic field
Synthetic imaging with polarity



