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The NO+ ion is the most abundant ion in the lower thermosphere. This ion is mainly 
produced after the photo-ionization of molecular nitrogen and oxygen (through 
absorption of solar radiation and X-rays in the E-region of the ionosphere). Its 
concentration therefore strongly depends on the solar activity. Likewise, its production 
is also enhanced during strong auroral conditions [1]. NO+ is a source and a sink of 
many ions and neutrals in the thermosphere. For example, its dissociative recombination 
produces atomic nitrogen which in turn yields NO, which plays a major role in the 
radiative cooling of the terrestrial thermosphere.  
 
The MIPAS spectrometer, onboard the Envisat space mission of the European Space 
Agency, measured an enhanced 4.3-µm limb emission from the thermosphere after the 
January 2005 solar proton event. NO+ and CO2 dominate the atmospheric emission in 
this spectral region [2]. Whereas measurements from wideband radiometers are not able 
to resolve the  emissions from these two constituents at this wavelength, MIPAS high 
resolution allows for the discrimination of  the NO+ emission from that of CO2 and 
hence its measurements are of particular importance for understanding the NO+ 
behavior. This is also important for other two aspects: i) to quantify the relative 
contribution of NO+ and  CO2 to the 4.3-µm atmospheric radiation, and ii) to remove the 
NO+ radiance from wideband radiometer measurements at 4.3-µm for deriving accurate 
CO2 volume mixing ratios in the lower thermosphere.  Figure 1 shows NO+ integrated 
MIPAS radiance before (black) and 8 hours after the solar storm averaged for 
measurements taken within 15 degrees in latitude. It is clear from the figures that the 
emission from NO+ is enhanced both during day (top) and night (bottom). After solar-
geomagnetic storms, the increased electron precipitation favors the ionization of the 
atmosphere and the abundances of ions like N+, O+, N2

+ and O2
+ increase [3]. That leads 

to an increase in the NO+ density and therefore in its emission. 
 
The NO+ emission originates from the relaxation of its excited vibrational states (mainly 
from its fundamental band), which are populated mainly when the NO+ is chemically 
produced. However, there are several other important mechanisms (like collisions with 
other atmospheric molecules or losses through chemical reactions) which also determine 
the population of these states and thus the 4.3-µm emission. We are developing a model 
that calculates the population of the NO+(v) emitting levels to understand MIPAS 
measurements in detail. In order to do so, the model must include all known 
mechanisms which populate and de-populate the vibrational states. Preliminary results 
for different latitudes and comparisons with MIPAS measurements will be shown both 
for daytime and nighttime conditions.  



 

 
 
Figure 1. MIPAS NO+  integrated  radiance  around 4.3 µm  before (black)  and 
eight hours after (red) the solar proton event ocurred during January 20-22, 2005. 
Top panel: Daytime conditions in the summer pole; Bottom panel: Nighttime 
conditions close to the winter pole.   
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