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Some Key Questions in Plasma 
Astrophysics 

• How are magnetic fields 
generated on all scales? 

• How to form relativistic jets and 
accelerate particles? 

• How does feedback of AGNs 
affect clusters?  

• … 
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• Small-scale & large-scale dynamo 
• Shock, magnetic reconnection, 

stochastic acceleration, etc. 
• Turbulence and transport processes 

in magnetized medium 
• … 



Some selected examples: 
 

(A) Particle Acceleration 
(esp. motivated by recent JVLA results) 
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M87 as an example 
Owen et al 
Shi et al.’07 



Particle Acceleration 

5 Slide from J. Eilek 

1) slope: 

2) spatial: 
Need of  
in-situ  
acceleration 

Both constrain 
acceleration 
processes. 



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 



(A1) regions of Flat Spectra 
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1” = 0.6 kpc @ 3C465 
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JVLA: 
1) General trend of spectral 

steepening along tails (as 
expected from simple model);  

2) But regions with very flat 
spectra far away from AGN 

 
ngVLA: 
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 

8 1” = 80 pc @ M87 

5 kpc 

Owen et al. 

Shi et al. 



(A3) Cluster Abell 2256 

9 1” = 0.34 kpc @ A2256 

JVLA: 
1) Maps of intensity, spectral 

index, pol. fraction, 
rotation measure at sub-
arcsec resolution; 

2) ~5 kpc filaments resolved; 
3) Spectral map showing 

particle acceleration 
throughout the region 

 
ngVLA: 
1) Will provide much more 

detailed spatial distribution 
for a number of quantities; 

2) Constrain the energy 
cascade and particle 
acceleration models. 

Owen et al.’14 
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Rotation  
measure 
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Some selected examples: 
 

(B) Solar Flares and Coronal 
Mass Ejections 

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



JVLA Radio imaging spectroscopy (Bastian et al.) 

Solar Flares 



Solar & Space Physics with the 
ngVLA  (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 
ngVLA (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 

• Coronal magnetic fields 
– Energy storage and release 

• Non-radiative heating of the chromosphere and corona 
– Waves, resonant phenomena 

• Solar wind 
– Turbulence – energy, momentum transport and dissipation 

• Coherent emission mechanisms 
 

 



Some selected examples: 
 

(C) Galaxy Cluster Plasma 
Astrophysics 



Shocks, Turbulence and Dynamo 

15 Baryon  
Skillman et al. ENZO simulations 

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

10Mpc 

~ 1 Mpc 



(C1) Cluster SZ 
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Mustang 
Obs. of 
MACS  
J0717.5 
 
z=0.546 
 
Mroczkowski  
et al. ‘11 

Chandra Obs of A 2146 
z = 0.234 
Russell et al.’12 



SZ signal from cluster mergers 

Simulations courtesy S. Skillman et al.  
(unsharped mask images, originally motivated by CCAT)  Merger shocks 



B 

(C2) Cluster Turbulence and Dynamo 
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Taylor & Perley’93 

1’’ = 1 kpc  
for Hydra A 

Vogt & Ensslin’05 

Cluster 
B fields 

Faraday 
Rotation 
Measure 

Xu et al.’09 



(C2) Cluster Turbulence and Dynamo 
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1’’ = 1 kpc for Hydra A 

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. 

L >> 

Schekochihin et al.’09 

Collisional Fluid  

Weakly 
Collisional 

Collisionaless ngVLA 



Synergy with Laboratory Plasma 
Experiments and Theory/Simulations 
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Jointly 
sponsored by: 

DoE 
NASA 
NSF 

Lab plasma exp. on jets 

10 Major Scientific Challenges in  
Plasma Astrophysics  

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



Concluding Remarks 
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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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Backup Slides 
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1) High spatial resolution and broad spatial scale range 
2) Broad frequency coverage 
3) High sensitivity  
4) … 

Carilli et al.’15 
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Parameters 
Designed for 
CCAT 
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