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CRRES orbit view 



1. The 
origin of 
plasma-
spheric 

hiss  

Bortnik et al. [2008] 
Nature, 452(7183)  



Simulated power distributions 

•  Ray	
  trace	
  thousands	
  of	
  rays,	
  
L=4.8-­‐8,	
  all	
  angles,	
  power-­‐
weighted.	
  

•  Agreement	
  with	
  observaAon:	
  
–  Correct	
  peak	
  power	
  
–  Bandwidth	
  decrease	
  at	
  low	
  L	
  
–  Two	
  zone	
  structure	
  
–  Correct	
  spaAal	
  confinement	
  	
  

•  Disagreement:	
  
–  Power	
  peak	
  near	
  Lpp	
  
–  Too	
  weak	
  (factor	
  ~3-­‐5)	
  

•  Cause	
  of	
  error?	
  	
  	
  

	
  



•  Consistent with 
literature! 

•  EQUATOR: 
–  Bimodal near 

p’pause 

–  Field-aligned 
deeper in 

•  OFF –EQ: 
–  oblique 

Wavenormals 



Bortnik et al. [2009], 
Science, 324 (5928)  

October 4th, 2008 

2. Coincident 
Observations of 

chorus and 
plasmaspheric hiss  



Cross covariance analysis 

•  Bin-wise cross 
covariance analysis 

•  Normalization: 
autocorrelation at zero-
lag = 1 

•  Highest correlation 
(r=0.7), at lags ~1-7 sec, 
peak ~4 sec. 



Ray tracing 

•  Ray trace all rays in allowable 
angles, include L-dependent 
Landau damping 

•  Key-range (colorbar), ~ -50 to 
-45, L=6 

•  Timescale:  
•  1 s, enter plasmasphere,  
•  2 s, 1st EQ crossing 

•  3.2 s, magnetospheric reflection 

•  7.7 s, second EQ crossing 



(14:00–18:30 UT) in Figure 2. Plasma density inferred from
the spacecraft potential is shown with the black line in
Figure 2a and is consistent with the plasma density calculated
from the upper hybrid line (Figure 1b). Interestingly, at
~14:55 UT and ~16:50 UT, a clear increase in electron fluxes
up to ~200 keV was observed (Figure 2d) with positive an-
isotropy (Figure 2e). Here electron anisotropy at each energy
bin is calculated using equation (2) in Chen et al. [1999], and
positive (negative) values indicate larger (smaller) electron
fluxes near 90° pitch angle compared to those at small pitch
angles. These two dispersed electron injections were associ-
ated with hiss intensification with wave amplitudes (from
integrating power spectral density over 20–2000Hz) up to
~330 pT (blue line in Figure 2a). Another interesting feature,
although not the focus of this study, is the remarkable corre-
lation between the hiss wave amplitude and plasma density
(highlighted by gray blocks in Figures 2a–2c) particularly
in the outer plasmasphere during 14:00–17:00 UT, consistent
with the previous study by Chen et al. [2012d].
[8] Furthermore, the lower cutoff frequency (indicated by

the magenta line in Figures 2b and 2c) decreased to ~20Hz
at ~16:50 UT in association with increased wave intensity

particularly in the lower frequency range of 20–100Hz.
The electron minimum cyclotron resonant energy was calcu-
lated (black line in Figure 2d) for the corresponding lower
cutoff wave frequency using in situ measurements of mag-
netic field intensity and plasma density and was found to
agree remarkably well with the upper energy of injected elec-
tron fluxes measured by MagEIS in the time interval of
14:00–17:20 UT. Convective linear growth rates for paral-
lel-propagating whistler-mode waves were calculated for
various frequencies (Figure 2f) using the measured electron
pitch angle distribution and plasma parameters, following
the equations described in Appendix A of Summers et al.
[2009], which are similar to Kennel and Petschek [1966]
but include relativistic effects. The pitch angle distribution
of electron phase space density (PSD) observed at 17:10:25
UT by MagEIS is shown with solid lines in Figure 3a, which
shows peaks near 90° favorable for wave excitation. A least
squares fit using f ¼ ∑4

n¼0An sinnα was applied for each
energy channel and is shown as the dashed lines, where f is
PSD, α is the pitch angle, and An are the fitting parameters.
These fitted electron distributions, which agree well with
the observations, are used to calculate wave linear growth

(a)

(b)

(c)

(d)

(e)

(f)

Figure 2. (a) Plasma density inferred from the spacecraft potential (black line) and hiss wave amplitude integrated over
20–2000Hz (blue line). (b) Frequency-time spectrogram in electric field and (c) magnetic field spectral density, where the
magenta line represents the lower cutoff frequency of the hiss spectrum. (d) Energy spectrogram of spin-averaged electron fluxes
measured by MagEIS and (e) electron anisotropy for various energy channels, where the black line represents the minimum
electron cyclotron resonant energy corresponding to the lower cutoff frequency of the hiss spectrum. (f) Convective linear
wave growth rates calculated for various frequencies, where the magenta line is the same as in Figures 2b and 2c.

LI ET AL.: AMPLIFICATION OF LOW-FREQUENCY HISS
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3. Low 
frequency 
hiss 
 
- Average peak 
frequency ~50 
Hz 
- Generated 
locally due to 
injection of ~100 
keV electrons 
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4. Coordinated 
event between 
THEMIS and 

RBSP 

• THEMIS (9-10 RE): Chorus 
• RBSP (5-6 RE): Hiss 

200-600 Hz 
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During the burst period of THEMIS 

200-600 Hz 



Correlation coefficient between chorus and Hiss 

• Highest correlation obtained over 220-300 Hz with a time delay of ~6 s 
• Suggests that hiss is likely to be originated from chorus. 



Summary 

•  Plasmaspheric hiss is a complicated emission– 
could have multiple sources 

•  Chorus source of plasmaspheric hiss accounts 
for many properties 

•  Coincidence THEMIS observation consistent 
with theory 

•  New coincident observation THEMIS-Van 
Allen Probes show chorus able to propagate 
into plasmasphere from very high L-region 



BACK	
  UP	
  SLIDES	
  



Chorus general  
  characteristics 

•  Sequence of narrowband tones, df/dt ~ 0.2-2 kHz/sec 
•  Rising (P~77%), falling (P~16%), hooks etc. (P~18%) 

•  Bimodal distribution, ~0.34fce (lower) ~53fce (upper) 
•  Persistent gap at ~0.5fce 

Tsurutani and Smith [1974, 1977]; Burton and Holzer [1974]; Burtis and Helliwell [1969, 
1976]; Koons and Roederer [1990] 
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•  Abstract	
  Text:	
  	
  
•  Plasmaspheric	
  hiss	
  is	
  a	
  wideband,	
  incoherent,	
  whistler-­‐mode	
  plasma	
  wave	
  that	
  is	
  found	
  

predominantly	
  in	
  inner	
  magnetospheric	
  high-­‐density	
  plasma	
  regions	
  such	
  as	
  the	
  plasmasphere	
  or	
  
plasmaspheric	
  drainage	
  plume.	
  The	
  origin	
  of	
  plasmaspheric	
  hiss	
  has	
  been	
  a	
  topic	
  of	
  intense	
  study	
  
and	
  controversy	
  ever	
  since	
  its	
  discovery	
  in	
  the	
  late	
  1960s.	
  A	
  recent	
  set	
  of	
  modeling	
  studies	
  have	
  
shown	
  that	
  a	
  different	
  plasma	
  wave,	
  namely	
  whistler-­‐mode	
  chorus,	
  could	
  be	
  responsible	
  for	
  
creaAng	
  plasmaspheric	
  hiss	
  by	
  propagaAng	
  from	
  its	
  source	
  region	
  in	
  the	
  equatorial	
  plasmatrough,	
  
and	
  into	
  the	
  plasmasphere.	
  Early	
  observaAons	
  made	
  on	
  the	
  THEMIS	
  spacecran	
  have	
  shown	
  
excellent	
  consistency	
  between	
  models	
  and	
  data,	
  but	
  later	
  results	
  concerning	
  the	
  nature	
  of	
  chorus	
  
waves	
  and	
  pulsaAng	
  aurora,	
  the	
  discovery	
  of	
  low-­‐frequency	
  hiss,	
  and	
  coincident	
  observaAons	
  
between	
  high	
  L-­‐shell	
  chorus	
  and	
  hiss	
  have	
  shown	
  that	
  there	
  are	
  facets	
  of	
  the	
  chorus-­‐hiss	
  
connecAon	
  that	
  are	
  sAll	
  a	
  puzzle.	
  In	
  this	
  talk,	
  we	
  briefly	
  review	
  the	
  chorus-­‐hiss	
  connecAon	
  
mechanism	
  and	
  focus	
  on	
  recent	
  results	
  and	
  open	
  quesAons.	
  	
  



Access regions 
 
•  Ray trace ray populations 
L = 3.8 to 7, step 0.1 L 
ψ = -ψres to ψres ; step = 0.5°  
Frequency: 0.1 to 0.45 fce ; 
 
• Access to plasmasphere: 
Low frequency, 0.1 fce ; 
Dayside stronger than night 
Negative wave normals 
(moderate) 
Longest lifetimes in the range 
f = ~ 0.2 – 1 kHz   

 



Evolu5on	
  of	
  discrete	
  chorus	
  emissions	
  
into	
  the	
  plasmaspheric	
  hiss	
  con5nuum	
  

Chorus	
  è	
  hiss:	
  
•  Avoids	
  Landau	
  

damping	
  
•  Propagates	
  into	
  

plasmasphere	
  at	
  high	
  
laAtudes	
  	
  

•  Low	
  frequencies	
  	
  	
  
•  Range	
  of	
  L-­‐shells	
  	
  
•  Range	
  of	
  wave	
  

normals	
  
StaAsAcal	
  characterisAcs	
  

reproduced	
  
Bortnik et al. [2009], JASTP  



3. Chorus and the pulsating aurora 

•  Described in 1963 
“auroral atlas” 
– Luminous patches 

that pulsate with a 
period of a few to 
10’s of seconds 

– Scale, ~10-100 km 

– Precipitating 
electrons E>10 keV 



TH-A, Nar-ASI conjunction 15 Feb 2009 



•  Map of cross-
correlation 
coefficients 

•  >90% 
correlation 

•  Location 
roughly 
stationary 

Nishimura et al. [2010], 
Science, 330 (81)  


