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Some Key Questions in Plasma

Astrophysics

/ \_Sun b . 7. &gh\665
How are magnetic fields  Small-scale & large-scale dynamo
generated on all scales?  Shock, magnetic reconnection,

How to form relativistic jets and stochastic acceleration, etc.
accelerate particles?  Turbulence and transport processes
How does feedback of AGNs In magnetized medium

affect clusters? -



Some selected examples:

(A) Particle Acceleration
(esp. motivated by recent JVLA results)



M87 as an example
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Particle Acceleration

Key diagnostic: spectrum of accelerated electrons

Diffusive Shock Acceleration: MHD turbulence:

simplest = monoenergetic:
(stochastic acceleration balancing
radiative losses)

well understood model; 2) S p at| al

x depends on mach number but other possibilities also;
depends on turbulent spectrum N ee d Of

Field-aligned E field: Reconnection: IN-SItu

simplest = monoenergetic: (Flatter) power law possible, acceleration

potential drop

A(D:fEdz where y depends on ??? B(_)th Constrain

but more complex situations but other options possible

also possible (models not yet mature) acceleration
Processes.

Slide from J. Eilek



3D Relativistic Reconnection Can
Produce Hard Spectra

3D VPIC Simulation of
Relativistic Reconnection
(|J] distribution)
Guo et al.’14, 15
+ several other groups

Hard distribution



(Al) regions of Flat Spectra

Radio spectral index of
3C465: blue = flat, red/
brown = steep. JVLA
data, Owen/Eilek 2015

1” = 0.6 kpc @ 3C465

JVLA:

1) General trend of spectral
steepening along tails (as
expected from simple model);

2) Butregions with very flat
spectra far away from AGN

NngVLA:

1) Will provide much more
detailed spectral maps for a
large number of radio galaxies;

2) Constrain the particle
acceleration models;

3) Constrain the models of
energy transfer from SMBH to
surroundings.



(A2) Spatial Distribution of
Spectral Info and Morphologies

5 kpc

3

Owen et al.
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70 kpc

JVLA image of

M87; Owen/Eilek

1” =80 pc @ M87



(A3) Cluster AbeII 2256
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Owen et al.’14 1” = 0.34 kpc @ A2256

JIVLA:

1) Maps of intensity, spectral
index, pol. fraction,
rotation measure at sub-
arcsec resolution;

~5 kpc filaments resolved;
Spectral map showing
particle acceleration
throughout the region

3)

NngVLA:

1) Will provide much more
detailed spatial distribution
for a number of quantities;
Constrain the energy
cascade and particle
acceleration models.

2)



Some selected examples:

(B) Solar Flares and Coronal

Mass Ejections

(esp. motivated by recent JVLA results
with spatial — temporal — frequency data)



Solar Flares

JVLA Radio imaging spectroscopy (Bastian et al.)

LT Spikes (RCP)

Frague ncy (MHz)
%1000 Jy/beam

FP Source 1 (RCP)

Frequency (MHz)
x1000 Jy/beam

=~ FP Source 1

(=]

n
[=]

N E
I ©
= @
“: 0

-
2 30=
[} [=1
3 (=)
o (=]
T %
w

=

18:32
UTC Time

GOES1-8A
—— AIA131A

=
o

17:40 18:00 18:20 18:40 19:00 19:20
UTC Time




Solar & Space Physics with the

NngVLA (Bastian et al.)

Solar physics

« only array core needed
full frequency range

large instantaneous bandwidth required (~8:1) as well as
agility between bands

time resolution of 1-10 ms (coherent emissions); 10-100 ms
(Incoherent emissions)

ability to handle large input signals without compression
means of calibrating signals that dominate Tsys

Solar wind tomography

full resolution, sensitivity, and frequency range of the
notional array required

time resolution of 10 ms



Solar & Space Physics with the
NngVLA (Bastian et al.)

The Sun represents a proximate laboratory for
studying plasma astrophysical processes in detail

* Plasma heating & particle acceleration
— Flares and coronal mass ejections

e Coronal magnetic fields
— Energy storage and release

* Non-radiative heating of the chromosphere and corona
— Waves, resonant phenomena

e Solar wind
— Turbulence — energy, momentum transport and dissipation

e Coherent emission mechanisms



Some selected examples:

(C) Galaxy Cluster Plasma
Astrophysics



Shocks, Turbulence and Dynamo

10Mpc

~1 Mpc

Baryon Magnetic fields (initially from AGN)
Skillman et al. ENZO simulations Xu et al. ENZO-MHD simulations



(C1) Cluster SZ

MUSTANG 90 GHz Map (S/N)
-5 0 5

Mustang

JO717.5

z=0.546

Mroczkowski
etal. ‘11

- : ;g
Chandra Obs of A 2146 844:15
Z=0.234
Russell etal.”12 0717408 30°

Right Ascension



SZ signal from cluster mergers
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Simulations courtesy S. Skillman et al.
(unsharped mask images, originally motivated by CCAT) I\/Ierger shocks



(C2) Cluster Turbulence and Dynamo
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Xu et al.’09




(C2) Cluster Turbulence and Dynamo

Ig Ne

1" = 1 kpc for Hydra A Ae = A = 23kpe m—l f

103 em 3

Cluster plasma is “weakly collisional”:

With ngVLA,

1) Measure Faraday RM
structures from
collisional (tens of kpc)
to below ion mfp, further
down to ten pc.

2) Deduce turbulence
properties and constrain
the closure models for

dynamo processes. Schekochihin et al.”09




Synergy with Laboratory Plasma

Experiments and Theory/Simulations

WOPA. . Workshop on Oppoitunities in Plasma
2010 X Astrophysics ¢ '

January 18-21, 2010  Princeton, New Jersey

R hoO tunities i I
Pf::;: Astroppol:ys::s = J oint l y
e R sponsored by:

Dle] =

NASA h
NSF ‘

10 Major Scientific Challenges in
Plasma Astrophysics

Lab plasma exp. on jets

http://w3.pppl.gov/conferences/2010/WOPA/



Concluding Remarks

1) Simultaneous spatial and spectral measurements will
provide new constraints on relativistic electron acceleration
In jets, lobes and cluster relic, strongly constraining the
particle acceleration models (shocks vs. reconnection);

2) Very detailed temporal-spatial-spectral info on solar
flare/CME energetics, important for synergetic studies;

3) Large spatial dynamic range yields unprecedented maps
for turbulence and dynamo studies.




Thanks!
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LMD it
1 THz

Wawvelengtn and Freguency

High spatial resolution and broad spatial scale range
Broad frequency coverage
High sensitivity Carilli et al.'15



D plasma, mid lambda, 2-15.5 us
|3 shots, 48 frames|
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