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Identifying evolving bubbles from VHF scintillation observations

Fig 1: LT variationof maximum cross-correlation, 
CI x( 0,tm) for disturbed day, 2nd August 2002 along with 
their monthly quiet time pattern.     [Kakad et.al, 2012]

As discussed by Bhattacharyya et.al, 2002, the maximum 
cross-correlation of intensity variations between two 
spaced receivers, CI(x0,tm) can be used to identify 
evolving (active) plasma bubbles. Figure 1 shows quiet 
time variation of CI (grey ‘x’)  for the month of August 
2002. Most of the plasma bubbles are formed post-
sunset. In the initial phase of the bubble, they are 
associated with polarization electric field associated with 
GRT instability, which  can be observed for ~2 hours. This 
is reflected in the CI variation.  In the initial phases (~ 19-
22), the CI values are well below 1. However, as the 
perturbation electric fields decay, the CI reaches almost 1 
as the bubble evolution slows down and the bubbles 
simply drift without much evolution. This feature can be 
used to identify freshly generated bubbles post midnight. 
Unlike quiet days, where low CI values dominates in the 
post sunset hours, on disturbed days the low CI values 
are often found in the post-midnight hours, which is a 
signature of freshly generated bubbles as a result of 
magnetic activity linked electric fields. The black dots in 
Figure 1 represent the CI values for a disturbed day (2nd 
Aug, 2002).  As post midnight, the CI-values drop well 
below 0.7 implying a freshly generated evolving bubble. 



  

EPBs in SWARM LP electron density observations
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Figure 2: Figure 2(A-B) shows the variation of electron density as a function 
of magnetic latitude. Figure 2A shows a SWARM pass without any EPBS 
whereas Figure 2B shows the presence of EPBs 

It is easier to identify 
evolving (active) EPBs 
from VHF spaced receiver 
instruments. But when it 
comes to other 
observations, it is not so 
straight forward. In this 
study we focus on 
identifying evolving/non-
evolving bubbles using 
SWARM Langmuir probe 
(LP) electron density and 
magnetometer 
observations.  



  

EPBs and magnetic fluctuations

Figure 3: Presence and absence of magnetic field fluctuations associated 
with EPBs

Left and right panels show different 
magnetic field responses during the 
presence of EPBs. The left panel 
shows strong magnetic field 
fluctuations associated with EPBs 
whereas the right panel  shows a 
case of plasma bubble without 
disturbances of the background
field. The magnetic fluctuations are 
derived by first converting the 
magnetic field measurements from 
NEC-coordinates to mean-field 
aligned coordinates. In the mean 
filed aligned coordinate system, the z 
axis is aligned with the unperturbed 
magnetic field which points from the 
southern to the northern hemisphere; 
the y axis is perpendicular to the 
magnetic meridian pointing 
predominantly eastward; the x axis 
completes the triad having an 
outward component . The 
fluctuations in Bz are the most 
important component associated with 
the EPBs.



  

LT-mLat distribution of electron density depletion

Figure 4: Local time- magnetic latitude distribution of percentage 
background electron denisty fluctuation(100* ΔNe/Ne).

Figure 4 shows the local time – 
magnetic latitude distribution of 
percentage background electron 
density fluctuation( 100* ΔNe/Ne) for 
the days with EPB. The  ΔNe for each 
pass each calculated by subtracting a 
background (calculated by taking a 30 
second running average). Then a 
percentage fluctuation is calculated. 
Then  the values are binned into 1 
degree latitude bins and 1 hour local 
time bins. Afterwards the rms (root 
mean square) average is calculated 
for each bin and plotted in Figure 4. 
The plot is created by using all EPB 
observations for magnetically quiet 
days for the year 2014. Figure 4 
shows a similar picture to Figure 1. 
The density fluctuations are much 
higher during 20-22 LT. Afterwards, the 
density fluctuations decrease as the 
night progresses.  



  

LT-mLat distribution of ΔBz
Figure 5 shows the local time – magnetic 
latitude distribution ΔBz for the days with 
EPB. The  ΔBz for each pass each 
calculated by subtracting a background 
(calculated by taking a 30 second running 
average).  Then  the values are binned into 
1 degree latitude bins and 1 hour local time 
bins. Afterwards the rms average is 
calculated for each bin and plotted in Figure 
5. The plot is created by using all EPB 
observations for magnetically quiet days for 
the year 2014. Figure 5 shows a similar 
picture to Figure 1 and Figure 4. The ΔBz 
fluctuations are much higher during 20-22 
LT. Afterwards, the density fluctuations 
decrease as the night progresses.  As 
discussed, during the initial phases of the 
bubble, they are associated with electric 
field fluctuations. Ideally, the electric and 
magnetic field fluctuations should be 
present simultaneously and as a result 
should decay simultaneously. So the  
[presence of ΔBz fluctuations can be used 
as a proxy for electric field fluctuations and 
be used to identify evolving and non-
evolving bubbles.

Figure 5: Local time- magnetic latitude distribution of ΔBz



  

A possible case of evolving bubble post-midnight: Case 1

Figure 6: Identification of an evolving bubble post midnight during  magnetically 
disturbed period.

Figure 6(A-B) shows the electron 
density and percentage denisty 
fluctuations, respectively. Figures 
6(C-E) shows the magnetic 
fluctuations ΔBx, ΔBy and ΔBz, 
respectively. The red curve 
represents parameters for 22nd 
December 2014. The local time 
and universal time of the equatorial 
crossing is mentioned above the 
top panel. The yellow background 
shows the scattered plot of the 
respective parameters for all quiet 
days in that 1 hour bin. As seen 
from Figure 6B and 6E, the denisty 
fluctuations and the ΔBz 
fluctuations in this case are much 
higher than the quiet days values. 
This can be identified as an 
evolving bubble based on the much 
stronger ΔBz fluctuations.



  

A possible case of evolving bubble post-midnight: Case 2

Figure 7 is similar to Figure 6 but it 
shows a case of an evolving 
bubble on 26th December, 2014. 
The local time, universal time and 
the longitude of the equatorial 
crossing is mentioned above the 
top panel. Again, as seen from 
Figure 7B and 7E,  ΔBz 
fluctuations associated with the 
EPB is much larger than the quiet 
day variations indicating an 
evolving EPB.  
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Figure 7: Identification of an evolving bubble post midnight during  magnetically 
disturbed period.



  

Conclusions
●  This study is focused on identification of evolving/non-evolving EPBs from SWARM 

observations. 

● Only LP measurements cannot distinguish dynamically evolving electric density variations 
from statically drifting spatial structures.

● However, the LP observations when combined with magnetometer observations can be 
utilized to identify the evolving/non-evolving bubbles. 

● In analogy is used with the VHF spaced receiver scintillation observations, where the evolving 
bubbles are identified based on the low correlation between the signals two receivers.

● In case of SWARM observations, an evolving/non-evolving bubble can be identified based on 
presence/absence of magnetic fluctuations in the mean field aligned direction (ΔBz).


