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The baryonic universe consists almost entirely of plasmas ! 

!  stellar (solar) atmospheres 
!  stellar interiors 
!  pre-recombination universe 

 (< 380,000 years ABB) 
!  post-reionization universe 
!  HII regions 
!  stellar (solar) winds 
!  accretion disks around  

compact objects 

!  supernova remnants 
!  intergalactic medium 
!  pulsar wind nebulae 
!  astrophysical jets 
!  cosmic rays 
!  coronal gas 
!  synchrotron nebulae 
!  relativistic shocks 
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" Even neutral gas clouds have a plasma description  
because of residual ionization and the coupling  
between ions and neutrals 



Research on astrophysical plasmas very closely coupled  
  to research on magnetic fields 
 
•  jets, flares, loops, filaments " all organized or    

             generated by magnetic fields 

•  magnetosphere-wind and magnetosphere-accretion-  
                  flow interactions 

•  disk evolution " magnetic field fosters angular 
 momentum transport via magnetic tension and 
 MHD instabilities that generate turbulent viscosity. 

•  modern star formation theories all include magnetic  
 braking mechanisms to facilitate accretion. 

•  Plasma generation in pulsar magnetospheres critical 
 for their evolution 



Themes of astrophysical plasma research at UCLA 
#  early universe – 

•  Cosmic microwave background – Ned Wright 

•  cosmic dark ages and re-ionization – Steve Furlanetto 

•  origin of magnetic fields in the universe –  
                Ferd Coroniti, Smadar Naoz  

#  Galactic Center Group – Morris, Andrea Ghez, Tuan Do, Gunther Witzel 
•  accretion onto the central black hole 
•  synchrotron filaments and the Galactic center  

 magnetosphere 
•  jets 
•  stellar and galactic winds 

#  pulsars & pulsar wind nebulae –  Ferd Coroniti, Brad Hansen 

•  supernova shocks 
•  HII regions 

 



Planck all-sky image of CMBR 
ESA and the Planck Collaboration 



Plasmas and Magnetic Fields  
During Structure Formation 



Astronomy#Group:#Furlane9o#
•  Furlane9o’s#primary#
concern#is#with#the#low?
density#intergalacBc#
medium#and#its#
interacBon#with#galaxies#
–  How#important#are#
cosmic#rays?#

•  Reioniza(on#is#the#epoch#
at#which#the#first#galaxies#
ionize#the#IGM#(and#heat#
it)#
–  Red#and#blue:#ionized#
regions#



Astronomy#Group:#Furlane9o#

•  Key#plasma#quesBons:#
– How#does#the#IGM#get#
heated?#

– Do#cosmic#rays#affect#
the#IGM?#

– What#creates#
intergalacBc#magneBc#
fields?#

– How#do#accreBon#disk#
sources#ionize#and/or#
heat#the#Universe?#



PR 2013 
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Shear-shock generated magnetic fields:  



GENERATION OF STRONG LARGE SCALE MAGNETIC FIELD 

$  NEED A SHEAR FLOW BETWEEN IONS AND ELECTRONS TO CREATE A LARGE 
SCALE CURRENT.   

$  LIKELY SOURCE FOR THE SHEAR MOTION IS NEUTRAL FLOWS THAT ARE 
COLLISIONALLY COUPLED TO THE PLASMA AND PROVIDE THE ENERGY TO 
CREATE B.  

$  THE MIXTURE OF ENERGETIC NEUTRAL FLOWS AND COLLISIONLESS FULLY  
IONIZED PLASMA OCCURS DURING THE ERA OF REIONIZATION (6 < z < 
20-30) WHEN POP III STARS START TO IONIZE THE PROTOGALACTIC 
REGION THAT IS BEING FORMED BY INFLOW ALONG THE COSMIC WEB. 

##FIRST#COOLING#FLOW#GALAXY#
#
GREIF,#JOHNSON,KLESSEN,&##
BROMM#MNRAS#387,#1021,#2008#
#



From: Ferdinand Coroniti <coroniti@astro.ucla.edu>
Date: November 11, 2013 9:28:59 AM PST
To: Ferdinand Coroniti <coroniti@astro.ucla.edu>
Subject: Galactic Disk

Can generate an equipartition-strength, large-scale downstream 
magnetic field of 10-6 gauss 



Generates an equipartition-strength, large-scale downstream 
magnetic field of ~ 10-7 gauss 



Plasmas and Fields in the Galactic Center 



Accretion onto the Central Black Hole 

Sgr A* 
Magnetized 
iInfalling  
gas streams 

1.3 cm VLA image; Zhao, Morris, Goss 2009 

2.2 µm Keck AO image 
stellar winds from massive stars 



Accretion signatures – light curves of Sgr A* 
 with Spitzer at 4.5 µm (Hora et al. 2014; Witzel et al. in preparation) 

Source of variability unknown – unsteady accretion?  MRI?   Jet?   
Lensing?  Tidally disrupted objects? 



Helical Features!

The Northern Arm"
of Sgr A West!

Sgr A*!

1.3 cm VLA; Zhao, MRM + 2009! Spitzer/MIPS 24 µm;  MRM, Do, Uchida 2006!

0.25 pc scale!

100 pc scale – Double Helix!



C. Lang, MRM et al. 2014!



Lessons#from#the#Local#Group,##May#19#?#23,#
2014,##Seychelles#

The “Southern Curl” – a larger-scale magnetic distortion!
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The “Southern Curl” – a larger-scale magnetic distortion!

Multiplicity of"
filamentation!
!
– not a pulsar"
wind nebula or"
a SNR!



Pulsars and Pulsar Wind Nebulae 

The Crab Nebula – Ferd Coroniti 
 
Neutron Star Mergers – Brad Hansen 
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 Brad Hansen:   Transient Electromagnetic Signals 
from Neutron Star Mergers

Advanced LIGO hopes to find signatures of gravitational waves from neutron 
star mergers in the next few years.  What are the potential electromagnetic 
counterparts? Plasma generation during inspiral and during the post merger 
settling of the neutron star may determine the nature of these transients.

Hansen & Lyutikov (2001)
MNRAS, 322, 695

Sunday, September 20, 15



  Active Galactic Nuclei:   
 
•  massive magnetized accretion disks around  

supermassive black holes 

•  Is the magneto-rotational instability sufficient  
to account for the multi-wavelength variability?    
Matt Malkan 

•  What emission process accounts for the spectral 
energy distribution?    Ned Wright 


