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Low frequencies: issues for solar physics 

•  Always	
  looking	
  to	
  complement	
  solar	
  physics	
  at	
  other	
  
wavelengths:	
  energy	
  release,	
  acceleraCon,	
  etc	
  …	
  

•  ”Plasma	
  emission”	
  is	
  a	
  high	
  brightness	
  temperature	
  
emission	
  oFen	
  invoked	
  elsewhere	
  in	
  astrophysics:	
  
need	
  to	
  understand	
  it	
  

•  Plasma	
  emission	
  as	
  a	
  diagnosCc	
  of	
  solar	
  atmosphere,	
  
generaCon	
  of	
  electron	
  beams,	
  electron	
  dynamics	
  in	
  
shocks	
  

•  Study	
  acceleraCon	
  in	
  shocks:	
  relevant	
  to	
  astrophysics	
  
•  Track	
  CMEs/disturbances	
  through	
  the	
  solar	
  wind,	
  
measure	
  speeds	
  to	
  enable	
  forecasCng	
  of	
  geomagneCc	
  
storm	
  Cming	
  (both	
  direct	
  imaging,	
  scinCllaCon,	
  
Faraday	
  rotaCon)	
  



LoFAR Solar Observing 

• 3 

126 simultaneous beams formed from 24 LOFAR core 
stations (2 km baselines) with each providing 83 millisec 
time resolution, 12.5 kHz frequency resolution, 30-90 MHz   



LOFAR solar work using 126 tied-array beams 

Morosan et al 2014 



Type III bursts: 3 frequencies, 2 beam locations 

50-55 MHz 40-45 MHz 30-35 MHz 



Solar “S bursts” at LOFAR 

Morosan et al 2015 



“S bursts”: Morosan et al 2015 
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N.	
  Hurley-­‐Walker	
  (CurCn)	
  

Murchison	
  Widefield	
  Array	
  

80-­‐300	
  MHz,	
  128	
  elements,	
  ~3	
  km	
  footprint,	
  0.5	
  s,	
  40	
  kHz,	
  BW	
  31	
  MHz	
  	
  

Slides from Divya Oberoi, Colin Lonsdale 



Quiet	
  vs	
  AcCve	
  Sun	
  

Factor of ~40 bet-
ween the brightest 
points on the 2 maps 

232.26 MHz 
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Haystack: Leo Benkevitch, Colin Lonsdale 
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Learmonth	
  Spectrograph	
  

07	
  September,	
  2014:	
  Sweep	
  Cme	
  3s;	
  Spectral	
  resoluCon	
  -­‐	
  125	
  
kHz	
  (25-­‐75	
  MHz)	
  ,	
  262	
  kHz	
  (75-­‐180	
  MHz)	
  



8	
  min	
  

~61	
  MHz	
  

RSTN patrol                                 Type II burst   2014/09/07 

MWA 

MWA 

0.5 s res 
40 kHz 
5’ beam at 
85 MHz 



Make	
  lots	
  of	
  images	
  (Divya	
  Oberoi)	
  

48	
  x	
  118	
  =	
  5664	
  	
  



0.04	
   3.5	
  

30	
  



Gaussian	
  fit	
  parameters	
  (H)	
  

Maj	
  axis:	
  1.2-­‐1.4	
  xPSF	
  
Min	
  axis	
  ~1.0-­‐1.2	
  xPSF	
  
PA	
  diff:	
  -­‐30°	
  to	
  -­‐20°	
  	
  
	
  
What	
  is	
  causing	
  the	
  
source	
  size	
  to	
  remain	
  
nearly	
  constant?	
  
Conjecture	
  -­‐	
  strong	
  
scaXering	
  
	
  
	
  

Errors:	
  
Maj	
  axis:	
  <3%	
  	
  
Min	
  axis:	
  <4%	
  
PA	
  diff:	
  <4°	
  	
  	
  





LocaCon	
  of	
  type	
  II	
  
source	
  

•  Fundamental	
  and	
  
Harmonic	
  emission	
  
do	
  not	
  appear	
  to	
  be	
  
coincident	
  

•  Height	
  RSun:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1.47	
  (F),	
  	
  	
  	
  1.36	
  (H)	
  



MoCon	
  
in	
  Cme	
  

F	
  

H	
  

4’	
  @	
  1	
  AU	
  
over	
  4	
  min	
  

⇒	
  725	
  km	
  s-­‐1	
  	
  

1.45	
  



The Long Wavelength Array 



Two	
  LWA	
  beams	
  combined	
  





Structure in an (ordinary) solar noise storm 





Noise	
  storm	
  examples	
  





Fundamental and harmonic plasma emission 
•  EnergeCc	
  electrons	
  with	
  free	
  energy	
  generate	
  electrostaCc	
  
Langmuir	
  waves	
  at	
  frequency	
  f=fp,	
  wavevector	
  k=kp.	
  

•  Since	
  kp>>fp/c,	
  to	
  produce	
  propagaCng	
  electromagneCc	
  
wave	
  need	
  to	
  get	
  rid	
  of	
  k	
  

•  To	
  get	
  fundamental	
  emission,	
  coalesce	
  with	
  low-­‐frequency	
  
electrostaCc	
  wave	
  such	
  as	
  ion	
  sound	
  with	
  ks	
  ≈	
  -­‐kp	
  ,	
  fs	
  <<	
  fp:	
  
fp	
  +	
  fs	
  =	
  fF	
  ≈	
  fp	
  ,	
  	
  	
  	
  	
  	
  	
  kp	
  +	
  ks	
  =	
  kF	
  ,	
  	
  	
  	
  	
  	
  kF	
  =	
  fF/c	
  

•  A	
  density	
  depleCon	
  can	
  “look	
  like”	
  a	
  low	
  frequency	
  wave	
  
•  Scaeer	
  of	
  electrostaCc	
  plasma	
  waves	
  off	
  density	
  inhomo-­‐
geneity	
  generates	
  plasma	
  waves	
  with	
  k	
  opposite	
  to	
  
original	
  waves/beam	
  

•  Coalescence	
  of	
  two	
  oppositely-­‐directed	
  plasma	
  waves	
  
gives	
  harmonic	
  emission:	
  
fp	
  +	
  fp	
  =	
  fH	
  ≈	
  2fp	
  ,	
  	
  	
  	
  	
  	
  	
  kp	
  +	
  (-­‐kp)	
  =	
  kH	
  ,	
  	
  	
  	
  	
  	
  kH	
  =	
  fH/c	
  

	
  



Mechanisms of plasma emission 
50	
  years	
  of	
  research	
  on	
  this	
  topic.	
  Two	
  levels	
  to	
  the	
  problem:	
  	
  
(i)	
  beam	
  propagaCon	
  and	
  interacCon	
  of	
  beam	
  and	
  Langmuir	
  
waves;	
  	
  
(ii)	
  generaCon	
  of	
  propagaCng	
  electromagneCc	
  emission.	
  
Possible	
  mechanisms	
  include:	
  
•  ModulaConal	
  instability:	
  collapse	
  of	
  Langmuir	
  wave	
  
packets.	
  Requires	
  very	
  strong	
  electric	
  fields.	
  

•  ElectrostaCc	
  decay:	
  decay	
  of	
  Langmuir	
  waves	
  into	
  low-­‐
frequency	
  electrostaCc	
  waves	
  and	
  other	
  Langmuir	
  waves	
  	
  
(L	
  -­‐>	
  L’	
  +	
  S)	
  or	
  transverse	
  waves	
  (L	
  -­‐>	
  T	
  +	
  S).	
  

•  StochasCc	
  growth	
  theory:	
  Cme-­‐integrated	
  growth	
  of	
  Lang-­‐
muir	
  waves	
  is	
  a	
  stochasCc	
  variable	
  due	
  to	
  interacCons	
  bet-­‐
ween	
  beam,	
  waves	
  and	
  an	
  inhomogeneous	
  plasma	
  that	
  
result	
  in	
  marginal	
  stability.	
  Predicts	
  that	
  waves	
  should	
  be	
  
bursty	
  and	
  irregular.	
  



Fundamental and harmonic emission from a Type III burst 



Striae details: narrowband, small if any drift 



Fine structure in Type III bursts 

•  “Smooth”	
  Type	
  III	
  bursts	
  may	
  be	
  harmonic	
  emission	
  (f	
  =	
  
2fp)	
  while	
  striae	
  are	
  fundamental	
  emission	
  (f	
  =	
  fp):	
  
originally	
  suggested	
  because	
  striae	
  are	
  more	
  highly	
  
polarized.	
  

•  Models	
  say	
  that	
  we	
  can	
  produce	
  striae	
  by	
  local	
  density	
  
enhancements	
  (Takakura	
  +	
  Youssef	
  1975)	
  in	
  which	
  the	
  
density	
  gradient	
  is	
  small,	
  source	
  can	
  be	
  large,	
  or	
  

•  by	
  electron	
  temperature	
  enhancements,	
  but	
  only	
  in	
  the	
  
harmonic	
  (Li	
  et	
  al	
  2011a),	
  or	
  	
  	
  

•  by	
  ion	
  temperature	
  enhancements,	
  which	
  make	
  them	
  
more	
  pronounced	
  in	
  the	
  fundamental	
  but	
  emission	
  is	
  
sCll	
  weaker	
  than	
  2fp	
  (Li	
  et	
  al	
  2011b).	
  

	
  



Simulations by Li et al 2012. 

Smooth outward 
density gradient, 
fixed temperatures. 

3 density fluc-
tuations added to 
gradient, fixed 
temperatures. 

3 density+Te 
fluctuations, fixed 
Ti. 



3 closely spaced density fluctuations 
added to gradient, fixed temperatures. 



Structure in fundamental overlaid on harmonic 



Structure in fundamental overlaid on harmonic 



Striae at high resolution (10 millisec, 4 kHz) 



Harmonic profile is very smooth: Langmuir waves  
are smooth 



Conclusions 

•  Models	
  don’t	
  match	
  what	
  we	
  see	
  in	
  the	
  data:	
  no	
  striae	
  
in	
  harmonic,	
  fundamental	
  brighter	
  than	
  harmonic	
  

•  No	
  structure	
  in	
  harmonic,	
  looks	
  completely	
  smooth	
  
•  Bright	
  fundamental	
  features	
  start	
  aFer	
  corresponding	
  
harmonic	
  emission:	
  emission	
  at	
  fundamental	
  does	
  not	
  
care	
  about	
  	
  Langmuir	
  waves	
  

•  Bright	
  fundamental	
  structure	
  depends	
  on	
  something	
  
else	
  –	
  density	
  features?	
  Localized	
  low-­‐frequency	
  waves?	
  
Ducts?	
  





An	
  Imaging	
  Example	
  	
  

16 May, 2013 
04:15:02 UT 
 
ν0=153.9 MHz 
Δν=640 kHz 
Δt=1 second 
Dynamic 
Range ~1400 



Sample	
  MWA	
  Dynamic	
  Spectrum	
  

Time	
  
(5	
  min)	
  

Frequency	
  	
  
(12	
  log-­‐spaced	
  groups	
  of	
  2.56	
  MHz	
  spanning	
  80	
  –	
  300	
  MHz)	
  

0.46	
  M	
  images	
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