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The observational relationship between the optical 
cusp and HF radar cusp is well documented. 

!! However, we are lacking verification on how HF 
backscatter irregularities form!!

Spectral widths

≥220 ms-1

Moen et al., Ann. Geophysicae, 2000



QuickTime™ and a
YUV420 codec decompressor

are needed to see this picture.

ICI-work is very relevant 
for GPS navigation 
• Turbulence and irregularities in the ionosphere 

give rise to scintillations in the satellite to ground 
signal

• The Total Electron Content (TEC) along the path of 
a GPS signal can introduce a positioning error ( up 
to 100 m)

• There will be an increasing demand for high-
accuracy satellite navigation in polar areas. 

• Maybe the most important space weather 
phenomenon for Norway.



Two Primary Modes of F-region 
instabilities/irregularitues in the cusp/polar cap

TEC image demonstrating
transport of EUV ionized plasma 
extends into the polar cap (Foster 
et al., 2005)

• Gradient drift instability
• Velocity shear instability

From Basu et al. (1988; 1992)



Electron density patches and F-region irregularities are related phenomena:

Moen et al., Geophys. Res. 
Lett., 34, L14113, doi: 
10.1029/2007GL029632, 2007

Eight years of meridian 
scanning photometer data from 
Ny-Ålesund, Svalbard have 
been analyzed to study the 
occurrence of F-region polar 
cap patches at night

About 60% of the patches 
exit the polar cap from 22-01 
MLT, but patches was 
observed in the entire MLT 
range from 18:00-05:00.

This patch occurrence
statistics is an important new
result of particular relevance to 
theoretical and empirical
modeling, and forecast of radio 
wave propagation conditions at 
high latitudes. 

Airglow patches drifting along the magnetic meridian from north 
to south appear as inverted integral signs in the keogram.

Electron density patches
drifting across the polar 
cap from day to night

Occurrence statistics



Comparison with the IRI-model ionosphere

From Moen et al. Ann. Geophys., 
26, 2427-2433, 2008

30 min averages, Feb 2001

30 min averages, Oct 2002

GPS-
map
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A new category of flow channels opposing the large-
scale background flow:     

First discovered by ESR
Associated with strong flow shears which may turn 

upside down the way we think about ionospheric
instabilities

And generation of HF backscatter irregularities.

EISCAT SVALBARD RADAR : SP-NO-FASM
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ICI-3 objectives:

Our main objective is to obtain a better 
physical description of instabilities and 
wave phenomena driven by the newly 
discovered Reversed Flow Events (RFEs) 
in the winter cusp ionosphere.

• Test whether the RFEs are associated 
with a tangential discontinuity (frozen into 
plasma) or a rotational discontinuity 
(indicative of reconnection). 

• Test whether the RFE-Birkeland current 
h t l t d t i t d V





INSTRUMENTATION on
ICI-3

FBP : Fixed Bias Langmuir Probe – ISAS/JAXA

m-NSLP : multi -Needle&Sphere Langmuir Probe system –
University of Oslo

LEP-ESA : Low Energy Particle spectrometer (10eV-10keV), 
ISAS/JAXA 

EFW : Electric Field and Wave Experiment, University of Oslo. 

ADM : AC/DC Magnetometer - LPP. 

SRADS: Sounding Rocket Attitude Detection System (UiO)



Studies of Fluctuations, Turbulence 
and Transport requires:

High resolution measurements of electron 
density, electron temperature, electrical 
and magnetic fields and cross correlation 
between these parameters
~10 kHz sampling rate 



ICI-3 LAUNCH WINDOW: (Sun <-10; Moon <+10)
28 November – 11 December, 2010 (14 days)

26 November – 6 December 2011 (11 days!!)

07-12 UT, 08-13 LT, 10-15 MLT

OPTIMAL LAUNCH CONDITIONS:

1) Clear sky and active cusp placed over the nominal trajectory

2) HF radar echoes placed over the nominal trajectory

3) Discrete arc + RFE

REQUIREMENT STEP DOWN VERSUS TIME:

Day 1-4: 1), 2) and 3) have to be met.

Day 5-8: 2) and 3) have to be met

Day 9-14: Either 2) or 3) has to be met  



ICI-2 : The New Work Horse 
ready for launch at Ny-
Ålesund APOGEE 340 km +/-10 

km
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Tentative schedule:
• ICI 2 2008 Winter
• ICI 3 2011 Winter 
• ICI 4-5 2014 Winter (Solar Max?)
• ICI 6-7 2016 Summer/Equinox
All rockets from Svalbard! 



The ionospheric cusp: a challenging region

Open Questions:

Why is cusp a turbulent layer all the way
down? 

What are the dominant instability
mechanisms, wave particle interaction and 
damping mechanisms?

What is the finest scale of an electron
beam (FAC), and what is the controlling
factor of this thickness?

Inverted V structures and Alfvén wave
shocks

Ion outflow

Turbulence gives rise to 
anomalous conductivity and 
damping of Alfven waves: 
Pilipenko et al. (in JGR review, 
2007).

Pc-1,2 waves do not propagate to 
ground in the ionospheric cusp:                                   
Dyrud et al. (JGR, 1997); 
Engebretson et al. (JGR, 2005)



Challenges in future space research
• Keywords: Shocks, turbulence, reconnection
• The need for simultaneous measurements on MHD, 

ion and electron scales
• In the auroral ionosphere: This means a combination of 

ground measurements and in-situ measurements 
(rocket + dozens of daughters)

Movie: Trond Trondsen

Cross scale
mission/ 
SCOPE


