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Outline-of tatk—— =

Motivations

Recent 3-D particle simulations of relativistic jets
* e*pair jet into e*pair, y=15

Radiation from two electrons

New initial results of radiation from electrons
based on particle trajectories

Summary
Future plans of our simulations of relativistic jets
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1. Present theory of Synchrotron radiation

Fermi acceleration (Monte Carlo simulations are not
self-consistent; particles are crossing at the shock
surface many times and accelerated, the strength of
turbulent magnetic fields are assumed), New
simulations show Fermi acceleration (Spitkovsky 2008,
Martins et al. 2009)

The strength of magnetic fields is assumed based on
the equipartition (magnetic field is similar to the
thermal energy) (g;)

The density of accelerated electrons are assumed by
the power law (F(y) =vyP?; p = 2.2?) (&)
Synchrotron emission is calculated based on p and g,

There are many assumptions in this calculation
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Synchrotron Emission: radiation from accelerated
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Schematic GRB from-a-massivestellar progenitor
(Meszaros, Science 2001)
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Collisionless shock—— WS ms
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Shock velocity and bulk velocity contact discontinuity -
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—Radiation from particles in collisionless shock

To obtain a spectrum, "just” integrate:

dddw 167>

W pocq® [T n x [ (n — [3 X )(3] gy y _

where r, is the position, B the velocity and B the acceleration

New approach: Calculate radiation
from integrating position, velocity,
and acceleration of ensemble of
particles (electrons and positrons)

Hededal, Thesis 2005 (astro-ph/0506559)
Nishikawa et al. 2008 (astro-ph/0802.2558)
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e
Synchrotron-radiation from-gyrating electronsimauniform magnetic jield

electron trajectories
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Synchrotron Emission: radiation from accelerated

Theoretical Spectra
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Self-consistent calculation of radiation

Electrons are accelerated by the
electromagnetic field generated by the

Weibel instability (without the assumption
used in test-particle simulations for Fermi
acceleration

Radiation is calculated by the particle
trajectory in the self-consistent magnetic field

This calculation include Jitter radiation
(Medvedev 2000, 2006) which is different from
standard synchrotron emission

Some synchrotron radiation from electron is
reported (Nishikawa et al. 2008 (astro-
ph/0801.4390;0802.2558;0809.5067)
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Synchrotron-radiation from-propagating electronsun.a uniform

electron trajectories radiation electric field observed at long distance
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TABLE 1. S5even cases of radiation

AT o By ViL.2 Vi Via Ymax e Remarks
P 370(B;) 0.0c 0998c 09997c 4008 143 gyrating
A 3.70 0.99¢ 0.1c 0.12¢ 1348 4725 jet
B 370 0.9924¢ 0.1c 0.12¢ 3670 156 Jet
C 370 0.99¢ 0.01e 0.012¢ 7.114 8.05 Jet
D 0.370 0.99¢ 0.0le 0012¢ 7114 805 jet
E 0.370 0.99¢ 0.1c 012¢ 1348 425 Ar=0.005
F 0.370 0.99¢ 0.1c 0.12¢ 1348 425 Ar=0.025
R
_\.II "'..

.....

S
AW/ das

(Nishikawa et al. astro-ph/0809.5067)



TABLE 1. Seven cazes of radiation

By Vi1.2 Vi Vio Yo 6r  Remarks
P 370(B,) 00c 0998c 09997¢ 4008 143 gyrating
A 3.70 (0.99¢ 0.1c 0.12¢ 1348 425 jet
B 370 0.9924c 0.1c 0.12¢ 3670 156 jet
C 3.70 0.99¢ 0.01c 0012 7.114 8.05 jet
D 0.370 (0.99¢ 0.01e 0012 7.114 805 jet
E 0.370 ().90¢ 0. 1c 012¢ 1348 425 Ar=0.005
F 0.370 0.99¢ 0.1c 0.12¢ 1348 425 Ar=10.025
Case A
(é) log, P
42 41
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100 120 140 160 T/ o7 10 1w
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(Nishikawa et al. astro-ph/0809.5067)
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TABLE 1. Seven cazes of radiation

B,  Viz Vi Vip  Ymm  6r  Remarks
P 370(B,) 0.0c 00998 09997c 4008 143 eyrating
A 3.70 0.99¢ 0.1c 0.12¢ 1348 425 jet
B 370 0.9924c 0.1c 0.12¢ 3670 1.56 jet
C 3.70 099  00le 0012 7.114 805 jet
D 0.370 099%  00le 0012 7.114 805 jet
E 0.370 0.99¢ 0.1c 0.12¢ 1348 425  Ar—=0.005
F 0.370 0.99¢ 0.1c 0.12¢ 1348 425 Ar=0.025
Case D
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L d) [
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(Nishikawa et al. astro-ph/0809.5067)
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3D jitter'radiation (diffusive sfy_nchrotron radiation) with a ensemble
" mone-eniergetic electrons (y = 3) in turbulent-magnetic fields—
- (Medvedey 2000; 2006, Fleishman 2006)

Pg(k) o~ I 2d slice of

3D jitter radiation
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withy= 3 electrons
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Hededal & Nordlund (astro-ph/0511662)
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Radiation from collisionless shock —
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Jitter radiation from electrons by tracing trajectories self—cdnsiétently

using a small simulation system initial setup for jitter radiation
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1ation
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Calculated spectra for jet electrons and ambient electrons
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summary e B

» Simulation results show electromagnetic stream
instability driven by streaming e* pairs are
responsible for the excitation of near-
equipartition, turbulent magnetic fields.

Ambient ions assist in generation of stronger
magnetic fields.

Weibel instability plays a major role in particle
acceleration due the quasi-steady radial electric
field around the current filaments and local
reconnections during merging filaments in
relativistic jets.

The magnetic fields created by Weibel instability
generate highly inhomogeneous magnetic fields,
which is responsible for jitter radiation
(Medvedev, 2000, 2006; Fleishman 2006).

27/39



o

Futureplans for particle acceleration-in-relativistic jets

Further simulations with a systematic parameter
survey will be performed in order to understand
shock dynamics with larger systems

Simulations with magnetic field may accelerate
particles further?

In order to investigate shock dynamics further
diagnostics will be developed

Investigate synchrotron (jitter) emission, and/or
polarity from the accelerated electrons in
inhomogeneous magnetic fields and compare
with observations (Blazars and gamma-ray burst
emi6s)sions) (Medvedev, 2000, 2006; Fleishman
200
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e (launched on June 11, 2008) http ://www-glast. stanfofd edu/

Compton Gamma-Ray
Observatory (CGRO)

Burst And Transient

Source Experiment et /‘ |
P

(BATSE) (1991-2000) Fermi (GLAST)
All sky monitor

PI: Jerry Fishman

* Large Area Telescope (LAT) PI: Peter Michaelson:
gamma-ray energies between 20 MeV to about 300 GeV

* Fermi Gamma-ray Burst Monitor (GBM) PI: Bill Paciaas
(UAH) (Chip Meegan (Retired;USRA)): X-rays and gamma
rays with energies between 8 keV and 25 MeV

(http://gammaray.nsstc.nasa.gov/gbm/)

The combination of the GBM and the LAT provides a

powerful tool for studying radiation from relativistic jets
and gamma-ray bursts, particularly for time-resolved
spectral studies over very large energy band.
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Good text books for radiation

Classical Electrodynamics, by Jackson, J. D.,
Interscience, 1999

Radiative Processes in Astrophysics, by Rybicki, G.
B., & Lightman, A. P., John Wiley & Sons, New
York, 1979

Radiation Processes in Plasmas, by Bekefi, G.,
Wiley & Sons, New York, 1966

The Classical Theory of Fields, by Landau, L. D.,
Pergamon Press, 1975
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Synchrotron emission from a particle z
pitch angle a

G. B. Rybicki & A. P. Lightman, Ob/
Radiative rocesses in Astrophysics :

dW, 2q w’a’ sina

ARG

dw 3zc’y*
dW, 20°w’a’sina
da)P: - [N SROLE
b 2 za)a;z o
(97=1+7/ % = 3 n(@=0) 5
.
@, = @y sina =

for o= 0° radiation becomes zero??
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Cyclotron emission of an-electron in helical motion

Z
resultant electric field T
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VP G : Y /"/
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@ ; eB
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G. Bekefi, Radiation Processes in Plasma, 1966, John Wiley & Sons, Inc
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TABLE 1. Seven cases of radiation
By Vi1.2 Vi Vio Yo 6r  Remarks
P 370 (B;) 0.0c 0998c 09997 4008 143 gyrating
A 3.70 (.99¢ 0.1c 0.12¢ 1348 425 jet
B 370 0.9924c 0.1c 0.12¢ 3670 156 jet
C 3.70 (0.99¢ 0.01c 0012¢ 7.114 8§05 jet
D 0.370 ().99¢ 001e 0012 7114 805 jet
E 0.370 (.99¢ 0.1c 0.12¢ 1348 425 Ar=0.005
F 0.370 (.99¢ 0.1c 0.12¢ 1348 425 Ar=0.025
Case B
(b)
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20
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(Nishikawa et al. astro-ph/0809.5067)
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TABLE 1. Seven cazes of radiation

By Vi1.2 Vi Via  Vmax 6r  Remarks
P 370(B;) 00c 0998 09997 4008 143 gyrating
A 3.70 (0.99¢ 0.1c 0.12¢ 1348 425 jet
E 3.70  0.9924c 0.1c 0.12¢ 3670 156 jet
C 3.70 (.99¢ 0.01c 0012 7.114 B.05 jet
D 0.370 (.99 0.01c 0012« 7.114 BO05 jet
E 0.370 (.99¢ 0.1c 0.12¢ 1348 425 Ar=0.005
F 0.370 (.99¢ 0.1c 0.12¢ 1348 425 Ar=0.025
Case C
; g,
9 P
421 i il
2t ‘
E e
S3s i
34t
100 120 xxldo 160 T/ We 10

(Nishikawa et al. astro-ph/0809.5067)
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TABLE 1. Seven cazes of radiation

By Vi1.2 Vi1 Via Ymax B Remarks
P 370(B;) O0c 0998c 09997 4008 143 gyrating
A 3.70 ().99¢ 0.1c 0.12¢ 1348 425 jet
B 370  0.9924¢ 0.1c 0.12¢ 3670 156 jet
C 3.70 (.99¢ 0.01c 0012¢ 7.114 8.05 jet
D 0370 ().90¢ 001c 0012¢ 7114 8.05 jet
E 0.370 (.99¢ 0.1c 0.12¢ 13458 425 Ar=0.005
F 0.370 ().90¢ 0.1c 012¢ 1348 425 Ar=0.025
Case E
: Iog,mP
(e _ <
= 1 0.80
i 0.64
3 1 032
] 0.16
301
o S % 10 20 30 40 50 60 70 N
100 120 140 180 T/wpe LR IV
X Lodops

(Nishikawa et al. astro-ph/0809.5067)
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TABLE 1. Seven cazes of radiation

B, ViL2 Via Vio Yo 6  Remarks
P 370(By) 0.0c 0998c 009997 4008 143 gyrating
A 3.70 0.99¢ 0.1c 0.12¢ 1348 425 jet
B 370 0.9924c 0.1c 0.12¢ 36.70 156 jet
C 3.70 0.99¢ 0.01c 0.012¢ 7.114 8.05 jet
D 0.370 0.99¢ 0.01c 0.012¢ 7.114 805 jet
E 0.370 0.99¢ 0.1c 0.12¢ 1348 425 Ar=0.005
F 0.370 0.99¢ 0.1c 0.12¢ 1348 425 Ar=0.025
Case F
W@ f
i ] 0.8F
42 _
23z
3d
3ot 3
0 50 100 150 200 250 300 PRI (R Y S
100 150 200 25%&3(:0 350 4000 450 ijpe o 1f 1&@ 1cF 1cF

(Nishikawa et al. astro-ph/0809.5067)
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Radiation from collisionless shock —
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Hededal & Nordlund 2005, submitted to ApJL (astro-ph/0511662)
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3-D isosurfaces of density of jet particles and J: for narrow jetém=12.57)

electron-ion
ambient

t=59.80,1 jet electrons (blue), positrons (gray)

electron-positron
ambient




Isosurfaces of z-component of current density
for narrow jet (yv=12.57)

electron-ion electron-positron
ambient plasma ambient plasma

(+J.: blue, -J :red) local magnetic field lines (white curves) o
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