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~Outline of talk—

* Recent 3-D particle simulations of relativistic jets
* epair jet into epair, y= 15 and
electronsion (m/m, = 20) into electronsion y= 15
shock structures
* Raviation from two ¢lectrons

* Mew initial results og radiation from jet electrons
which are traced in the simulations self-consistently

* future plans of our simulations of relativistic jets
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Schematic GRB from-a-niassive'stellar-progeniior
(Meszaros, Science 2001)
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with MPI code
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Electric and magnetic fields created self-
consistently by particle dynamics randomize OE /0t =V XB- J

particles dmyyv/dt =q(E +v XB)
(Buneman 1993) oo / 0t + Vg =0
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(Nishikawa et al. ApJ, 698, L10, 2009)
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eibel instability T
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Evolution of B, dwe-tolthe. \YeM
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hock velocity and bulk velocity ' .ontact dis G /
/
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Shock VGlOClty and structure based on 1-D HD analysis
— % movmg contact discontinut
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Comparison with different mass ratio (electron-positron and electron-ion)
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Kino & Takahara 04

Intra-Cluster Meda
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Hotspots in powerful radio sources are
understood as the terminal regions of
relativistic jets, where bulk kinetic power
transported by the outflows from the
active centers is converted at a strong
shock (formed due to the interaction of
the jet with the ambient gaseous medium)
to the internal energy of the jet plasma.
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Hotspots of exceptionally bright radio galaxy
Cygnus A (d, = 250 Mpc) can be resolved at
different frequencies (VLA, Spitzer, Chandra),
enabling us to understand how (mildly)
relativistic shocks work (LS+ 07).

from the talk by L. Stawarz o



-~ Radiation from particlesin cotlisionless shoek—==

To obtain a spectrum, " just” integrate:

dSddw 1673

/o) dt’

d*W B [LoCq- /..«“x;: nx|(n—p08)x B dw(t' =1+ To(t)
5 L ( .
o o Pe T

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

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

r Hededal, Thesis 2005 (astro-ph/0506559)
Nishikawa et al. 2008 (astro-ph/0802.2558)
Sironi & Spitkovsky, 2009, ApJ
Martins et al. 2009, Proc. of SPIE Vol. 7359
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electron trajectories
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Synchrotron Emission: radiation from accelerate/
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Radiation from test (accelerated) particles in static turbulent magnetlc field
ated by the Weibel instability in 2D PIC simulation ’
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Radiation from electrons in self-consistent electromagnetic field from a 2
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Due to the radiation is calculated

in downstream frame the radiation
1s 1sotropic. An additional Lorentz
transformation is required, if the
down-stream medium is moving
with respect to the observer (no
beaming effect is taken account and
they are different from the observed
radiation).

They conclude that jitter regime is
obtained only 1f with artificially
reduced the strength of the

electromagnetic filed?
(K =gB\/ mcz)

This conclusion is due to that radiation
1s calculated in downstream frame?

(Sironm1 & Spitkovsky 2009)
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~Radiation from electrons by tracing trajectories self-consistently

using a small simulation system

initial setup for jitter radiation
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~final condition for
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alculated spectra for jet electrons and ambient electrons

: ~due to turbulent

high frequency=

magnetic field
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3D jutter-radiation (diffusive synchrotron radiaiion) wzth a ensemble o
Wrgetlc electrons (y = 3) in turbulent mag
(Medvedev 2000; 2006, Fleishman 2006)

Ppg(k) o kt* 2d slice. of 3D jitter radiation
magnetic field with y = 3 electrons
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Narrow beaming
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particle selectionat t=3100 ® = /
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- Radiation from electrons- in dynamical electromagnetic ﬁeld/
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Summary E—

Simulation results show clectromagnetic stream
mstability Oriven by streaming e: pairs are
responsible for the excitation of near-equipartition,
turbulent magnetic fieldos and

a structure with [eading and trailing shocks.

Shock s similar to the shock in simulations with the
constant contact discontinuity.

The spectrum ‘Tfrom jet electrons in a weak magnetic
fielo in a small spstem shows a Bremsstrahlung [ike
spectrum with higher frequency enhancement with
turbulent magnefic field.

The magnetic fields created by Weibel instabifity
generate highly inhomogeneous magnetic 6ﬁe[‘55, which
15 responsible %)or iitter radiation (MNedvedey, 2000,
2006; $leishman 2006).
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Future plans of our simulations of relativistic jets

* Calculate radiation with larger systems for different
parameters in order to compare with observational data

* Include inverse Compton beside synchrotron
radiation to obtain high frequency radiation

* Simulations with magnetic fields including turbulent
magnetic fields with pair plasma and electron-ion
plasma

* Reconnection simulations for additional acceleration
mechanism including magnetic reconnection

* Non-relativistic jet simulations for understanding SNRs
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(FERMI)
Med mﬁunﬁffﬁaa&h@://ww-g/

glast.stanford.edu/

Compton Gamma-Ray
Observatory (CGRO)

Burst And Transient
Source Experiment sl ‘ﬁ% )

\. ‘ !'
(BATSE) (1991-2000) Fermi (GLAST)

All sky monitor

o Large Area Telescope (LAT) 101: Weter Wichaelson:
gamma-ray energies between 20 20e0 to about 300 Ge0

* fermi Gammasray Burst Monitor (GBIN) 107: Bill Vaciaas
(UAH) (Chip Weegan Retired; USRA)): X-raps and gamma
rays with energies between 8 ke and 25 2NeD

(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.

PI: Jerry Fishman
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