
Types of Space and Astrophysical Plasmas	


•  Flow-dominated	

– Stellar interiors	

– Accretion disks	


•  Magnetically dominated	

– Stellar corona	

– Magnetospheres	


•  Intermediate state	

– Stellar winds	

–  Interstellar media	
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Sunspots (50,000km) Are Magnetic and 
Moves Towards Solar Equator	


•  What happens to these sunspots?	
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Granulation (1,000km) 	
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•  What	  happens	  to	  these	  smaller	  magne0c	  fields?	  



Magnetic Reconnection is An Important Dissipation 
Mechanism Likely for All Types	


•  What happens to these current 
sheets in MHD turbulence?	
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steps and spatial resolutions, checked that the dissipation
scale is resolved, and examined field lines at the grid scale
for adequate smoothness.

To understand the magnetic field topology we inspect

aðx; yÞ [15]. The square Hessian matrix of a is Ha
i;jðxÞ ¼

@2a
@xi@xj

[17]. At each neutral point, ra ¼ 0, we compute the

eigenvalues of Ha
i;j. If both eigenvalues are positive (nega-

tive), the point is a local minimum (maximum) of a (an
O point). If the eigenvalues are of mixed sign, it is a saddle
point (an X point) [17]. Figure 1(b) shows an example of a
magnetic potential landscape together with its critical
points. The number of X points is ’1300. A sea of mag-
netic islands, different in size and energy, is present. These
coherent structures interact nonlinearly, merge, stretch,
attract, and repulse each other. At the boundaries of these
magnetic islands, the burstiness of j reflects the intermit-
tent nature of the magnetic field [10]. In these (diffusion)
regions reconnection is expected.

The local geometry of the diffusion region is related to
the Hessian eigenvalues

!max ¼
@2a

@"2 ; !min ¼
@2a

@l2
; (3)

the larger and smaller (in magnitude), respectively, and the
associated unit eigenvectors ŝ" and ŝl. The coordinate " is
associated with the minimum thickness # of the current
sheet, while l with the elongation ‘. From a scaling analy-
sis of Eq. (3), the aspect ratio of the diffusion region is well
approximated by

‘

#
’

ffiffiffiffiffiffi
!R
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; where !R ¼

""""""""
!max

!min

"""""""": (4)

After finding all potential reconnection zones, we evalu-
ate the associated time rate of change of the magnetic flux
@a
@t $ _a. From Eq. (2), at each X point, the rate is

_a ¼ R%1
$ r2ajX-point ¼ %E&: (5)

The reconnection rate E& is normalized to the root-mean-
square magnetic fluctuation #b2rms, as is appropriate to
dimensionless Alfvén units. Figure 2 shows that the recon-
nection rates are broadly distributed with a range jE&j 2
½10%6 % 0:3( with hjE&ji ’ 0:05.
If reconnection is in a steady state, the rate depends on

the aspect ratio defined by Eq. (4). In Fig. 2, the extreme
(strongest) reconnection rates scale as

E& ) ‘

#
: (6)

This behavior is counterintuitive in the context of standard
Sweet-Parker theory, where E& ) #=‘ [1]. We will return
to this issue later.
The power law in Fig. 2 supports Eq. (6) only for the

fastest reconnection events. For more slowly reconnecting
regions there is no clear scaling. The distinguishing char-
acteristic of the strong reconnection sites appears to be a
near-steady interaction between larger, more energetic
magnetic islands. To select these we set a threshold for
E& and !R. We can further understand the strong events by
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FIG. 2 (color). The reconnection rates E& vs the aspect ratio of
the diffusion region !R (red dots). The power-law fit (blue line,
shifted in the y axis) suggests E& ) ð‘=#Þ. The Gaussianized
field (green squares) is shown for comparison.

FIG. 1 (color). (a) Color map of j. (b) Contours of magnetic
potential a (a > 0 green, a < 0 black), with the positions of
maximum (blue stars), minimum (red open squares) and X points
(black &). Only one-sixth of the box is shown.
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•  Magnetic field amplifies during 
MRI-driven accretion. What 
saturates magnetic field growth?	




Discussions	  
•  Topics	  

–  Characterize	  reconnec0on	  region	  structure,	  rate	  compare	  with	  sim	  
–  Par0cle	  accelera0on	  (what	  decides	  spectra)	  (vs	  shock)	  
–  Radia0on-‐mediated	  reconnec0on	  (need	  to	  think	  about	  signature)	  
–  3D	  effect	  (jet	  genera0on	  from	  torus?)	  
–  GG	  field	  and/or	  rela0vis0c	  effects	  
–  Plasma	  size	  and	  S	  dependences	  (plasmoids	  etc.)	  
–  Biermann	  effect	  (can	  be	  experimentally	  determined?)	  
–  MHD	  vs	  2-‐fluid	  effects	  in	  HED	  plasmas	  (2-‐fluid	  for	  sure?)	  

•  Teams	  
–  Astro	  theory	  &	  simula0on	  
–  MRX	  
–  OMEGA/OMEGA-‐EP	  Lasers	  
–  SG	  Lasers	  

•  Consensus:	  majority	  of	  par0cipants	  agreed	  on	  par0cle	  accelera0on	  as	  the	  
topic	  for	  the	  immediate	  next	  step	  

•  Next	  mee0ng	  to	  be	  held	  at	  Princeton	  

First	  HED	  reconnec0on	  gathering	  at	  Rochester,	  Feb	  2012	  



This	  Gathering	  
•  Local	  field	  pile	  up:	  larger	  effects	  than	  expected	  
•  Importance	  of	  global	  quan00es:	  magne0c	  helicity	  transport	  and	  MRI-‐turbulence	  
•  Biermann	  Baaery:	  2-‐fluid	  vs	  kine0c	  effects,	  can	  be	  studied	  more	  directly?	  
•  Self-‐generated	  vs	  externally	  imposed	  
•  Hall	  reconnec0on	  signatures:	  out-‐of-‐plane	  fields	  and	  in-‐plane	  electric	  field	  can	  

be	  measured?	  
•  Vor0city	  evolu0on	  similar	  to	  B	  evolu0on:	  measurement	  signatures?	  
•  Reconnec0on	  vs	  shock	  vs	  plasma	  collision	  
•  Reconnec0on	  in	  shocks	  and	  shocks	  in	  reconnec0on	  
•  ES	  shocks	  or	  double	  layers,	  unimportant?	  
•  Par0cle	  accelera0on?	  Jets?	  
•  Nonlocal	  heat	  transport	  (mean-‐free-‐path	  >	  T	  gradient)	  
•  Effects	  of	  plasma	  transport	  phenomena	  
•  Transport	  modified	  by	  B	  field,	  leading	  to	  new	  plasma	  dynamics	  
•  Importance	  of	  pressure	  anisotropy	  	  



Possible	  Coordina0on	  and	  Collabora0ons	  

•  Physics	  

•  Flow-‐driven	  vs	  magne0c-‐driven	  

•  Diagnos0cs	  

•  Theory/Simula0ons	  


