
 



 

Want to meaure
ne, vi, Te, Ti, others...

Why bother with ground-based remote 
sensing in the space age?



 



 



 

ISR Satellite 
1.  Spatial resolution 1-10 km  < 1 km  (or 

meters for E-
fields) 

2. Spatial coverage 100’s by 100’s 
km, but fixed 

global, but 1-D 

3.  Time resolution 10’s-100’s 
seconds 

<10 ms – 1 s 

4.  Steerability Yes No 

5.  Dwell time Indefinite none 



 

ISR Satellite 
5.  Basic parameters ne, vi, Ti, Te  ne, vi, Ti, Te 

6.  Ion composition derived or 
assumed 

direct* 

7. Electric fields derived from 
vi x B 

direct or derived 
from vi x B 

8.  Magnetic fields N/A ✔ 

9.  Electric currents Σqnv Σqnv or curl x B 

10. Cost per year several M$ 50+ M$ 



 

ISR Satellite 
11. Errors Noisy but 

with low bias 
(e.g.: Doppler 
vel., plasma 
line-derived 
density) 

Susceptible to 
large systematic 
errors 



 

1)  Uncertain spacecraft floating potential 

Error sensitivity: ~80 m/s per 0.1 V 
for ram velocity  

auroral 
electrons

rammed 
plasma 
(ions and e-)

Solar UV

photo-
electrons



 

2)  Space attitude uncertainty   

Sensitivity: 130 m/s per degree 
for cross-track velocity. 

3)  Ion composition uncertainty  (e.g. N+ vs. O+) 

Error sensitivity: ~250m/s per a.m.u.   
(ram component) 

4)  Spacecraft sheaths and wakes 

5)  and many others... 



 

•  Langmuir probe 

•  Ion drift meter (IDM) and 
 retarding potential analyzer (RPA): 

          used on DE 1&2DMSP, ROCSAT, C/NOFS, others 

•  Thermal ion imaging   



 



 

Vprobe

Vout = InetR

Inet



 

Φ = Vprobe
Debye sheathΦ(r)

Φ = plasma potential
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 Integrate over all accessible energies and trajectories...



 

electron collection
proportional to 
neve,th

ion collection 
prop. to ni

Te from slope

chm.bris.ac.uk



 

4 anode “pixels” determine 
arrival angle of  incoming ions 

incoming 
ionospheric 
ions 

W. Hanson, R. Heelis, 
Univ. Texas at Dallas 

“pin-hole camera” 



 

Vary screen potential to 
measure energy to stop 
rammed ions.

q[Vscreen +Vspacecraft = (mi/2)[vspacecraft + vwind, ram]2



 

Berthelier et al., Nature Geoscience, 2008

Disadvantage:  Sweep 
time (~1 s) limits 
resolution



 

incident ions

Whalen et al, Sp. Sci. Rev., 1994 

10 cm 
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O+H+ Whalen et al, Sp. Sci. Rev., 1994 



 

•   velocity (2-D) 
•   E = -vxB 

•   temperature 
•   anisotropies 
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To CCD +  Power/
Control Unit 

Ion focusing, 
microchannel plates, 
phosphor 



 

To CCD +  Power/
Control Unit 

Ion focusing, 
microchannel plates, 
phosphor 



 



 



 

Electric field data:  Robert Pfaff  and Doug 
Rowland, NASA GSFC

FOV

B0

E

vi 0-9 eV ions

Sangalli et al,  

J. Geophys. Res. [2009] 



 

East   
North 

Sangalli et al,  

J. Geophys. Res. [2009] 



 

East   
North 

Sangalli et al,  

J. Geophys. Res. [2009] 

“Edge of  space”



 



 

3D velocity from 
orthogonal 
analyzers 

Coarse ion 
moments @16Hz 

Calibrated 
products @ 2Hz 675 Full images/day  

Imaging electrostatic 
analyzer, electro-optical 

detection 

Langmuir probe 

x 2 per satellite 
CCD 

Phosphor 
MCPs 

FO Taper 

Ions 

E = -vxB 



 

CCD

phosphor

MCPs

Uppsala

 



 

•  Precision B (vector and scalar) 

•   E from -vixB   (2 & 16 Hz) 

•  Ti, Te, ne 

•  Data validation via ISR’s 

•  ~85-88° inclination 

•  2 satellites at ~450 km, laterally separated by 10’s km 

•  1 satellite at ~530 km, displaced several hours in local time 

•  Nominal science mission 2013-2016 


