
astafyeva@ipgp.fr 

High-speed and supersonic 
equatorial vertical plasma drifts:  

recent results from the DMSP 
mission 

Elvira Astafyeva  &  Irina Zakharenkova 
 Institut de Physique du Globe de Paris, France 

ht
tp

:/
/w

w
w

.d
m

sp
le

ga
cy

.c
om

 



Defense Meteorological Satellite Program 
(DMSP) 

• Since 1962 
• Sun-synchronous ~polar orbit, h=~840-860 km 
• Now : F15, F16, F17, F18, F19 
• Ni, Ne, Ti, Te, V, O+/He+ H+, etc. 



Equatorial Plasma Bubbles/Drift 
• Post-Sunset sector + occasionally elsewhere 
• Pre-dawn – at the recovery phase of geom. storms  

  Background plasma drift : ~100-150 m/s     ------    Inside bubbles: ≤~800 m/s 
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Primary aim: 
pre-dawn irregularities & geom. storms 

19 February 2014     ->   min SYM-H = -130nT  



F16 – 10.55UT – 4.79LT 

19 February 2014 : (~10.3-11.7 UT) 

F15 – 11.17UT – 3.04LT 
F17 – 11.42UT – 5.90LT 



4.79LT 3.04LT 5.9LT 

Vz-max: 
1638m/s 

Vz-max: 
1770m/s 



Astafyeva and Zakharenkova (GRL, 2015) 



• Subsonic: V<Cs 
• Supersonic: V>Cs (Mach>1.2) 
• Hypersonic: V>>Cs (Mach>5) 

Date  Location  
(GLon; 
GLat) 

UT LT H 
(km) 

DMSP Vz-max 
(m/s) 

Te  
(K) 

Cs  
(m/s) 

#1 19/02/2014 275.39; -5.42 10.54 4.79 855 F16 1638.2 1290 1053 
#2 19/02/2014 237.72; -2.80 11.19 3.04 835 F15 1770.6 1220 1022 

Ion Sound Velocity (O+): 

Sub/Super/Hyper – sonic ? 



DMSP data quality & reliability 

1) high-density plasma, i.e. Ni>103 ions/m3  
 

2) predominantly O+ plasma environment 
 

3) standard deviations < 206 m/s (by the UTD) 

 

 

 
F16 F15 



Huba & Joyce (2007) 
up to  ~1.9 km/s 

BUT… only in the post-sunset sector! 



The Main question:   THE  SOURCE? 

Nonlinear Rayleigh-Taylor instability 
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Event #1      -    19/02/2014        -      10:32 UT   
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Event #2      -    19/02/2014        -      11:11 UT   



Supersonic upward plasma drift 

Alfvén nature? (Aggson et al., 1992; Burke and Aggson, 1993) 

LSTIDs from substorms? (Bowman, 1978) 

F16 F15 



High-speed & supersonic events, 2002-2015  
(DMSP, H = 849 ÷ 857 km) 

Date  Location  
(GLon; GLat) 

UT LT DMSP Vz-max 
(m/s) 

#1 19/02/2014 275.39; -5.42 10.54 4.79 F16 1638.2 

#2 19/02/2014 237.72; -2.80 11.19 3.04 F15 1770.6 

#3 07/02/2013 342.4; 12.15 21.17 20.0 F18 988 

#4 08/01/2014 304.9; -8.97 23.72 20.05 F18 1051 

#5 15/09/2014 255.7; -5.83 2.77 19.82 F18 1222 

#6 13/11/2014 311.5; 2.61 22.9 19.68 F18 1307 
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… results are 
not that 

ridiculous …  

http://ccmc.gsfc.nasa.gov


Thank you! 

Image Credit: John Retterer/Boston College 



DMSP – « fast equatorial post-sunset bubbles » (Hanson et al., JGR, 1997) 



Case-study: DMSP F15, F16, F17 

Instruments onboard: 
 
1) ion drift meter (IDM) = vertical (Vz) and zonal cross-

track (Vy) ion drift velocities; 
 
1) scintillation meter (SM) = total ion density Ni; 

 
2) Langmuir Probe = electron temperature (Te) and 

electron density (Ne); 
 

3) retarding potential analyzer (RPA) = ion temperature 
(Ti) and plasma composition (O+, H+ and He+); 
 

 
 



Our event (F16) 
Aggson et al. (1992) 

triaxial fluxgate magnetometer onboard DMSP F16 
(not available for the DMSP F15).  
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