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Proton aurora 
Distribu1on of proton and electron aurora before and a8er substorm onset 
(Fukunishi, 1974). Proton aurora is very weak compared to electron aurora! 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Proton aurora 
H+ precipita1on: charge‐exchange with 
ionospheric H => spreading of H+ aurora 
in the ionosphere 

H+ precipita1on from the 
magnetosphere by pitch‐
angle diffusion due to 
•  1ght field line curvature 

compared to ion 
gyroradius 

•   wave‐par1cle interac1ons 
 

Excited hydrogen atoms H* produce 
emissions Hα (656.3 nm) and Hβ (486.1 nm). 

Proton aurora 
Proton aurora (le8) within the main oval before substorm onset (Donovan, 2011). 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Proton aurora 
H+ aurora (boXom) follows the configura1onal changes of the magnetotail (top) 
(Donovan, 2011). When magnetotail stretches (incl. angle decreases), field lines 
map to lower la1tudes and H+ aurora shi8s equatorward. 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Proton aurora 
H+ aurora from the cyan region and electron arcs poleward of the ion isotropic 
boundary (IB), which marks the region between dipolar and taillike field lines 
(Donovan, 2011). 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Origin of diffuse aurora 
•  It has been believed that diffuse aurora  is caused by pitch‐angle 

scaXering of CPS electrons (0.1–30‐keV ) into the loss cone, but 
the precise mechanism has been unclear. 

•  Two classes of magnetospheric plasma waves, electrosta1c electron 
cyclotron harmonic (ECH) waves and whistler‐mode chorus waves, could be 
responsible for wave‐par1cle interac1ons that lead to P‐A scaXering: 

 ω – kIIvII = nΩec / γ ,


where ω  is the wave frequency, Doppler shi8ed to a mul1ple  
(n=0,±1,±2,...) of the rela1vis1c electron gyrofrequency Ωec and kll and vll are 
parallel components of the wave vector and par1cle velocity (γ is the 
rela1vis1c factor). 
 

•  Thorne et al. reported in Nature in 2010 that scaPering by 
whistler mode chorus waves (f < fec) is the dominant cause of 
the most intense diffuse auroral precipita1on. 

Origin of diffuse aurora 
Whistler mode chorus waves (f < fec) recorded on the ground (le8) 
and expected distribu1on in space in a recovery phase of a storm 
(right). 

(courtesy of J. Manninen)  (Thorne, 2005) 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Sta?s?cs: Note polar cap arcs 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cap 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Kullen et al., JGR (2002): during northward IMF (Bz<0), strong IMF 
magnitude, and high solar wind speed. Dependence on By. 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Cusp aurora 
•  Caused by precipita1ng magnetosheath electrons and ions 
•  Due to dayside reconnec1on (FTEs), also mixture of  magnetospheric and 

magnetosheath plasma popula1ons 
•   Rela1vely low energies of these par1cles means that the aurora is 

dominated by 630.0 and 636.4 nm (red line) emissions of atomic oxygen  
•  Since the  radia1ve life1me of the 1D state is 110 s, the excited atomic 

oxygen moves with the thermospheric wind (e.g. for 500 m/s the 
distance traveled is about 55 km from the site of excita1on).  

12,874 
SANDHO

LT ET AL.' CAPTURE O
F M

AG
NETO

SHEATH PLASM
A 

630.0 nm emission measured by 
ASC at LYR at 07:34 UT and 
mapped to an al1tude of 250 km. 
F‐o‐v corresponds to 80o zenith 
angle (Sandholt et al., JGR 2000). 

Bursty bulk flows (BBFs) in the magnetotail are transient high‐
speed (vx≥ 400 km/s) flows which contain depleted (low Ne) flux 
tubes.  
 
 
 
 
 
 
 
 
 

North‐south aurora and plasma bubbles 

Sergeev et al.. (2000) 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Bursty bulk flows (BBFs) in the magnetotail are transient high‐
speed (vx≥ 400 km/s) flows which contain depleted (low Ne) flux 
tubes.  
 
 
 
 
 
 
 
 
 
The main explana1on for BBFs is the plasma bubble model by 
Pon1us and Wolf (1990): The bubble moves earthward due to Epol 
(interchange instability), and is associated with F‐A currents.   

North‐south aurora and plasma bubbles 

Nakamura et al.. (2001) 

North‐south aurora and plasma bubbles 
North‐south aurora was suggested by Henderson et al. (1998) to be 
asociated with bursty bulk flows (BBFs) in the magnetotail. The bubble 
model is the most plausible model to explain BBFs and observa1ons 
confirm that the upward FAC of the bubble is associated with N‐S aurora 
(also called streamers)  (e.g. Kauris1e et al., 2003; Pitkänen et al., 2011). 

but while the first one had classical substorm characteristics
the second one appeared as a convection bay without global
scale energy loading-unloading behavior. The overall
description of the global conditions during the convection
bay is given in the study by Sergeev et al. [2001] which
compares and contrasts this activation with the preceding
substorm period. During 1945–2025 UT Polar UVI took
images of a nice set of auroral streamers. Simultaneously
Geotail, which was surveying the corresponding conjugate
region in the inner plasma sheet, recorded several Earthward
directed plasma flow bursts (data not shown here). One of
the streamers appeared as a brightening at the oval poleward
boundary (MLAT !72!) around 1945 UT, intruded to the
Scandinavian sector (in 20–22 MLT) and reached the
equatorward oval at !1954 UT (Figure 1). The streamer
was observed by the MUO ASC after !1949 UT.

3.2. Scandinavian Sector

[10] The left panel of Figure 2 shows the KIL MSP
observations of 486 nm (Hb) luminosity during 1830–
2030 UT. Hb auroras are caused by energetic (typically
1–30 keV) proton precipitation. When computing the
magnetic latitudes the emission altitude of 110 km has been
assumed. In our case Hb band drifted slowly equatorward
during 1830–1940 UT and the emission enhanced gradually
after 1920 UT. A sharp intensification of the proton emis-
sion accompanied by its rapid poleward shift (poleward
expansion) was observed during 1950–2000 UT, i.e. around
the time of the streamer observation.
[11] The DMSP F12 spacecraft passed above KIL (within

0.5 MLT difference) at 1912:04 UT and above its southern
magnetic conjugate point at 1835:23 UT. The two circles at
these times in Figure 2 (left panel) indicate the position of
the b2i boundary (in the latter case mapped to the northern
hemisphere) as defined by Newell et al. [1996]: b2i is the
latitude of maximum energy flux of 3–30 keV ion precip-

itation. b2i boundaries are typically observed at the equa-
torial slope of the Hb band [Donovan et al., 2003], like in
the two cases of Figure 2. The third circle (with the question
mark) shows the 30 keV isotropic boundary position as
observed by the NOAA-14 spacecraft at the time of prime
interest at 1945 UT. This observation was made 2 MLT
hours to the east of KIL, around 00 MLT meridian which
most probably is the main cause for the disagreement in the
locations: maximum of Hb emission at KIL was about one
degree equatorward of the isotropic boundary at the mid-
night meridian.
[12] The right panel of Figure 2 shows the intensity

versus latitude variations of the magnetic north component

Figure 1. Auroral streamers observed by the UV imager onboard the Polar satellite (top) and by the
ASC at MUO (bottom). The pink circle in the first plot of the top panel show the field of view of the
MUO ASC. The blue diamonds in the bottom panel plots show the scanning line of the KIL MSP.

Figure 2. (left) The latitudinal distributions of Hb
luminosity (in arbitrary units) and (right) auroral electrojet
intensities (in X-component deviations at the ionospheric
level). Green-blue (orange-red) colors correspond to west-
ward (eastward) currents. The white circles mark the
locations of proton isotropic boundaries as observed by
low-altitude satellites (for more details, see text).

KAURISTIE ET AL.: BBF INTRUSION TO THE INNER PLASMA SHEET SIA 9 - 3

Auroral 
streamer 

jup 

(Kauris1e et al., 2003) 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Seasonal effects on energe?c electron precipita?on 

Newell et al. published in 1996 in Nature an ar1cle: 
“Suppression of discrete aurorae by sunlight” 
 

They found that: 
•  the beams of accelerated electrons that cause intense 

discrete aurorae occur mainly in darkness: the winter 
hemisphere is favoured over the summer hemisphere, and 
night is favoured over day (by a factor of 3)  

•  discrete aurora rarely occur in the presence of diffuse aurora 
Also, other phenomena related to electrosta1c accelera1on 
show the same seasonal varia1on: 
•  intense electric fields in auroral accelera1on region 

(Marklund et al., 1994) 
•  upflowing ion beams (Collis et al., 1998) 
•  auroral kilometric radia1on (Kumamota and Oya, 1998) 

Seasonal effects on energe?c electron precipita?on 

Newell et al. (1996) 

Probability of observing accelerated e– (monoenerge1c) aurora 
(for energy fluxes > 5 erg/cm2s‐1) 

Darkness  Sunlight 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Seasonal effects on auroral par?cle precipita?on 

Conclusion by Newell et al. (1996): Ionospheric conduc?vity 
plays a role, e.g. by the ionospheric feedback instability. 
 
Another explana1on suggested is that forma1on of parallel 
electric field requires low background densi?es at high 
al?tudes (density cavi1es), which MIGHT form preferen1ally 
when ionospheric electron densi1es are low in the en1re field 
line.  
 


