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Problem of energetic electron - magnetic storm dynamics is a subject of wide discussion by scientific community. 
Several types of particle losses and accelerations, adiabatic and nonadiabatic results in a radiation belt 
transformations. Fig. 1 present typical electron radial profiles measured by low-altitude (1000 km) polar orbiter 
SERVIS-1 before, during and after magnetic storm. At the end of the main phase electron flux at L=3.5-8 decreased 
to the background level and toward the end of the recovery phase emerged with resulting changes in different 
radiation belt regions. We will try to approach the problem regarding main phase down - dusk asymmetry of the 
outer radiation belt.  
 
1. Observations 
During the main phase of the magnetic storms a down-dusk asymmetry was observed in magnetic field 
configuration [Shi et al, 2006, Tsyganenko, 2002] and in energetic electron population of the outer radiation belt 

[Onsager et al., 2002, Lazutin, 2012]. 
Asymmetry registered as the magnetic 
field and particle decrease at the 
evening sector was presumably caused 
by partial ring current.  
Fig. 2 presents particle radial profiles 
measured by low-altitude satellite 
SERVIS-1, all profiles measured during 
several hours. Satellite was sun-
oriented. Profiles marked by broken 
lines were measured at the evening 
sector, while morning ones are shown 
by solid lines. Similar features were 
registered during several magnetic 
storms, where evening profiles were 
shifted toward lower L as compared to 
the morning ones.  
 
There are three possible explanations of 
such asymmetry. 
1. Particles became lost at the evening 
side and new ones were accelerated at 
the midnight-morning sector. Popular 
losses mechanisms of outer belt 

energetic electrons include electron precipitation to the atmosphere caused by increased pitch-angle diffusion [Fridel 
et al., 2002, Millan and Thorne, 2007, Shprits et al., 2008, Drew et al., 2012] and magnetopause shadowing [for 
example Ukhorskiy, et al., 2006]. Shadowing occurs when magnetic field decrease in the inner magnetosphere cause 
electrons with previously closed magnetic drift orbits transit to the open orbits and became lost at the magnetopause. 
If we agree that electrons became lost at the evening part of the magnetic drift orbit, we must suppose that each time 
electron flux became recovered by new acceleration at the midnight-morning part of the orbit. Only that can explain 
while every time when satellite arrived at the morning sector it encountered recovered particle flux. Particle fast 
enhancement in the midnight=morning sector of the auroral zone are caused by substorm acceleration during fast 
activation - dipolarization processes [Lazutin. 1986 and referenced therein]. Usual energy of the accelerating 
electrons are restricted by several hundreds keV, increase of the 1.7 MeV electrons is rather rear occasion. It is 
impossible to register acceleration of electron flux of MeV electrons so often as shown at Fig. 2. 
Therefore suggestion that energetic electrons became lost at the evening sector must be ruled out.  
 

Figure 1. Transformation of the outer belt electron L-profiles 
during moderate magnetic storm, measured by SERVIS-1 
satellite 
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Figure 2. Asymmetry of the radial profiles: low latitude shifts starts earlier and deeply in the evening sector (broken 
lines) as compared with the morning ones. L' is an approximation for the evening profiles (see text). 
 
2. Real drift L-value. By the upper abscissa axis at Fig. 1 a McIlwain L-value for an undisturbed magnetosphere 
was taken. During magnetic storms particle magnetic drift trajectory does not corresponds to such L values. For a 
disturbed part of the magnetosphere corrected L-value must be calculated based on a current local magnetic field 
configuration.  
Therefore if one wants to investigate particle magnetic drift, L-value calculated for the evening sector must differs 
from the morning one. The evening profile must be shifted to the lower latitudes and possibly for the explanation of 
observed effects one mast just use different L scales, as shown schematically by the bottom axis at Fig. 1.  
We did not know real magnetic field configuration during main phase of magnetic storms. There are models with 
down-dusk asymmetry, such as Tsyganenko [2002], but inevitable deviation from the real one will not allow us to 
calculate improved L and to found, whether this effect totally or only partially explain observed down-dusk radiation 
belt asymmetry. 
3. Adiabatic transformation. There is another possible explanation of down-dusk effect by simple adiabatic 
transformation: at evening sector electrons decrease their energy and changes position because of magnetic field 
decrease while at the midnight-day side it recovers initial position and energy. 
Adiabatic effect was described times ago by McIlwain [1966] and receive the name "Dst-effect" [Kim and Chan, 
1997; Kim et al., 2010; Lemaire et al., 2013] consider this effect as a main factor of radiation belt transformation.  
Adiabatic effect is based on the condition of conservation of adiabatic invariants. Conservation of the third invariant 
means that if the magnetic flux inside particle magnetic drift orbit decreased, outward shift of the orbit must follow. 
Then because of the increase of the length of the magnetic field line mirror points became shifted upward as 
demands second invariant conservation. And finally conservation of the first adiabatic invariant leads to decrease of 
particle energy. All that will cause severe decrease of the particle intensities registered by low-altitude satellites. 
During magnetic field recovery adiabatic recovery of the particle energy and position will return situation to the 
prestorm condition.  

 
 
Figure 3. Difference of the particle shifts at low and high altitudes. 
During magnetic field decrease field lines located on some points at low 
altitude change equatorial position from A1 to A2 and B1 to B2. 
Adiabatic cooling results by the particle shift from A1 to B2, with 
increasing distance from the Earth at the magnetic equator plane and 
decreasing latitude at the field line footprints [Lazutin, 2012]. 
 
 
 

The same physics may be attributed to single magnetic drift orbit of an electron if magnetic field in the evening 
sector is decreasing while at the midnight-day side it increased for example due to the enhance solar wind pressure 
or substorm hyperdipilarization effect [Lazutin, 2014]. In such a case electron energy and position will be changing 
as shown schematically by Fig. 3 for two drift orbits. 
 
2. Discussion and conclusion 
Because essential evening side particle loses as a source of the down-dusk asymmetry must be excluded, observed 
profile differences may be explained by the combination of two other effects discussed above. First effect must 
decrease asymmetry by the use of a real L' calculated for a magnetic fields distorted at the evening side instead of L-



Problem of electron disappearance during the magnetic storm main phase 
 

28 

value for undisturbed magnetic field. The second one is an adiabatic effect, namely particle cooling and position 
shift at the evening part of the magnetic drift orbit and recovery at the morning side.   
There are no reason to suppose that outer zone electron variation during the whole magnetic storm differs essentially 
from the dynamics during the main phase. Adiabatic effects and calculations of exact L values can explain observed 
variation of the outer electron belt latitudinal profiles.  
Real particle dynamics may somehow differ from presented scheme, because some nonadiabatic particle losses and 
accelerations (injections) can take place, but only as an additional process.  
 

 
 

Figure 4. Position of radiation belt electron in the equatorial plane and field line footprint during the evening 
adiabatic cooling and morning recovery and particle energy (bottom section). 
  
References 
Drew L. Turner, Yu. Shprits, M. Hartinger, V. Angelopoulos (2012) Explaining sudden losses of outer radiation belt electrons 

during geomagnetic storms Nature Physics, V. 8, P. 208–212, doi: doi:10.1038/nphys2185.  
Friedel R.H.W., G.D. Reeves, T. Obara (2002) Relativistic Electron Dynamics in the Inner Magnetosphere - A review. J. Atmos. 

Sol. Terr. Phys. 64 (2), 265–282.  
Kim, H., and A. A. Chan (1997) Fully adiabatic changes in storm time relativistic electron fluxes, J. Geophys. Res., 102, 22, 107. 
Kim, H.-J., G. Rostoker, and Y. Kamide (2002), Radial dependence of relativistic electron fluxes for storm main phase 

development, J. Geophys. Res., 107(A11), 1378, doi:10.1029/2001JA007513.  
Kim, K. C., D.-Y. Lee, H.-J. Kim, E. S. Lee, and C. R. Choi (2010), Numerical estimates of drift loss and Dst effect for outer 

radiation belt relativistic electrons with arbitrary pitch angle, J. Geophys. Res., 115, A03208, doi:10.1029/2009JA014523.  
Lazutin L.L. (1986) X-ray emission of auroral electrons and magnetospheric dynamics. Springer-Verlag, Berlin-Heidelberg/ 

Physics and Chemistry in Space v. 14. 
Lazutin L.L. (2012) On radiation belt dynamics during magnetic storm Advances in Space Research V .49, P. 302–315. 
Lazutin L.L. (2014) Features of Poleward Expansion of the Outer Radiation Belt during Magnetospheric Substorms 

Geomagnetism and Aeronomy,, Vol. 54, No. 2, pp. 187–194. 
Lemaire J.F., et al., (2013) Effects of concomitancy of adiabatic Betatron deceleration & acceleration (i), of up & down lifting of 

mirror points altitudes (ii), and of pitch angle scattering (iii) during geomagnetic storms, EGU General Assembly, Session 
ST2.3: EGU2013-13889. 

McIlwain, C.E., (1966) Processes acting upon outer zone electrons, in « Radiation belts : Models and Standards », pp. 15-26, 
Geophysical Monograph 97, AGU.  

Millan, R. M., and R. M. Thorne, (2007) Review of radiation belt relativistic electron losses. J. Atmos. Solar-Terr. Phys. V. 69, P. 
362–377. 

Onsager, T.G., G. Rostoker, H.-J. Kim, G.D. Reeves, T. Obara, H.J. Singer, and C. Smithtro, (2002) Radiation belt electron flux 
dropouts: Local time, radial, and particle-energy dependence, J. Geophys. Res., 107(A11), 1382, doi:10.1029/2001JA000187. 

Shi, Y., et al., (2006) Statistical study of effect of solar wind dynamic pressure enhancements on dawn-to-dusk ring current 
asymmetry, J. Geophys. Res.,111, A10216, doi:10.1029/2005JA011532.  

Shprits, Y.Y., D. A. Subbotin, N. P. Meredith, S. Elkington, (2008) Review of modeling of losses and sources of relativistic 
electrons in the outer radiation belt II: Local acceleration and losses. J. Atmos. Solar- Terr. Phys. 70, 1694–1713. 

Tsyganenko, N. A, (2002) A model of the near magnetosphere with a dawn-dusk asymmetry, J. Geophys. Res.,107(A8), 1179, 
doi:10.1029/2001JA000219 

Ukhorskiy, A.Y., B.J. Anderson, P.C. Brandt, and N.A. Tsyganenko (2006), Storm time evolution of the outer radiation belt: 
Transport and losses, J. Geophys. Res., 111, A11S03, doi:10.1029/2006JA011690.  


