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A new, temporarily confined population in the polar 
cap during the August 27, 1996 geomagnetic field 
distortion period 

Ji•sheng Chen, Theodore A. Fritz, Robert B. Sheldon, H•rl•n E. Spence, •ncl 
Walther N. Spjeldvik 
Center for Space Physics, Boston University, Boston, MA 

Joseph F. Fennell 
The Aerospace Corporation, Los Angeles, CA 

Stefano Livi 

Max-Planck-Institut fuer Aeronomie, 37189 Katlenburg-Lindau, Germany 

Abstract. On August 27, 1996, a two-hour energetic 
heavy ion event (~ 1 MeV) was detected at 8:25 UT at 
apogee (~ 9 Re and an invariant latitude of ~ 80ø), by 
the Charge and Mass Magnetospheric Ion Composition 
Experiment onboard POLAR. The event, with a maxi- 
mum spin averaged peak flux of ~ 150 particles/(cm 2- 
sr-s-MeV), showed three local peaks corresponding to 
three localized regions; the ion pitch angle distributions 
in the three regions were different from an isotropic dis- 
tribution and different from each other. No comparable 
flux was observed by the WIND spacecraft. The ap- 
pearance of lower energy He ++ and 0 >+2 during the 
event period indicates a solar source for these particles. 
From region 1 to 2 to 3, the helium energy spectra soft- 
ened. A distorted magnetic field with three local min- 
ima corresponding to the three He peak fluxes was also 
observed by POLAR. A possible explanation is that the 
energetic He ions were energized from lower energy he- 
lium by a local acceleration mechanism that preferred 
smaller rigidity ions in the high altitude polar cusp re- 
gion. 

1. Introduction 

The investigation of geomagnetically trapped heavy 
ions began at the 1960's [Krimigis an d Van Allen, 1967; 
Fritz and Krimigis, 1969]. Azford [1970] suggested 
a direct injection from the polar regions with subse- 
quent acceleration; and Cornwall [1972] and $pjeldvik 
and Fritz [1981a,b] discussed and modeled charge ex- 
change, Coulomb collisions, and radial diffusive trans- 
port. Recently, a trapped SHe species in the inner belt 
was observed by the CRRES satellite [Chen et al., 1994, 
1996a,b], and an origin of these ions in energetic pro- 
ton interactions with the residual atmosphere was sug- 
gested [Chen et al., 1996a,b; $elesnick and Mewaldt, 
1996]. However, all of the aforementioned discussions 
regarding sources are limited to within the known radi- 
atio n belts either near the equator or at lower altitude. 
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POLAR was launched on February 24, 1996 with a 
1.8 x 9 Re (Earth radius) polar orbit, which has an 
inclination of 860 and period of 18 hours. The space- 
craft, so far, samples high altitude regions in the north 
and low altitudes in the south and spins with a period 
of about 6 seconds. The Charge and Mass Magneto- 
spheric Ion Composition Experiment (CAMMICE) on- 
board POLAR consists of two sensors, the Heavy Ion 
Telescope (HIT) and the Magnetospheric Ion Compo- 
sition Sensor (MICS), designed to measure the charge 
and mass composition within the magnetosphere over 
the energy range of I KeV/e to 60 MeV/ion, to de- 
termine the fluxes of various ion species and their rel- 
ative abundances and to seek to identify mechanisms 
by which these ions are energized and transported from 
their source populations within geospace. The HIT sen- 
sor uses a three-element solid-state detector telescope to 
measure the rate of energy loss and the ion's total in- 
cident energy, and this permits an unambiguous deter- 
mination of the ion mass and incident energy over the 
energy range from 100 KeV/ion to 60 MeV/ion. There 
are also some discrete discriminators on each detector to 

create data response channels that can be accumulated 
in a manner identical to a number of previous instru- 
ments of this type flown as part of the science payload 
of Explorer 45, ATS-6, Viking, and CRRES [Fritz and 
Cessna, 1975; and Fritz et al., 1985]. The data are then 
sampled every 1/16 of a spin; that is, 16 sectors in each 
spin. 

2. A Special Event' Observation of 
August 27, 1996 

Figure 1 displays the spin averaged passband inte- 
grated flux of helium (~ 0.52-1.15 MeV) measured by 
the HIT sensor during August 27, 1996. At 8:25 UT 
when the POLAR spacecraft was 9 R, from the Earth 
with MLAT _ 67 ø, and MLT •_ 14.7 hours, the HIT 
sensor detected a sudden increasing He flux. This en- 
ergetic helium event lasted more than two hours with 
a peak spin averaged flux of about 150 particles/(cm 2- 
sr-s-MeV). The day-side and high latitude location, the 
energy, and the two-hour time period indicate that this 
is a very special event and is indeed very surprising be- 
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Figure 1. Spin averaged integral flux of helium mea- 
sured by the CAMMICE/HIT sensor during August 27, 
1996. At the bottom, the descriptive ephemeris pa- 
rameters are the L-shell values, radial distance of the 
POLAR (R), magnetic latitude (MLAT), and magnetic 
local time (MLT), respectively. 

cause it is unexpected theoretically [e.g., II•lin et al., 
1986; Chen et al., 1996b]. About 3.5 hours after event 
onset, an increasing helium ion flux was also measured 
all the way into L - 5. 
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Figure 3. Counting rates measured by the MICS sen- 
sor are ordered from top to bottom being 0 >+2, O <+a, 
He ++ , and He + , respectively. The numbers of 1, 2, and 
3 within the vertical dashed lines in He ++ panel mark 
the three different regions in this event. 

3. New Temporarily Confined 
Population Over the Polar Cap 

A closer look at Figure i indicates that the parti- 
cle fluxes in this event had three different local peaks 
corresponding to three different regions: before 9.1 UT, 
9.1-10 UT, and after 10 UT. Figure 2 plots the pitch an- 
gle distributions of the helium ions in counts per sample 
number. The three different regions are showed in the 
three top panels. In Figure 2, each bin is azimuthally 
22.5 degrees wide. The HIT sensor has a small field of 
view (~ 120 conical perpendicular to the spin axis) so 
that for particles trapped in the radiation belt it will 
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Figure 2. Counts/sample number vs. the computed 
pitch angles for ~ 0.52-!.15 MeV helium are displayed 
as a function of time and correspond to the different L 
regions showed in Fig. 1. The vertical bars indicate the 
statistical errors. 

detect a maximum counting rate when its look direc- 
tion is perpendicular to the magnetic field vector. This 
is what the bottom-right two panels (14-15.5 UT and 
15.5-15.7 UT) show, characteristic of the trapped pop- 
ulations within the radiation belts. In contrast, for an 
isotropic distribution, a fairly straight horizontal line is 
expected, independent of HIT look direction as shown 
in the 12-14 UT panel where, to within the uncertain- 
ties, an essentially isotropic distribution of the helium 
ions was observed. The latter is expected since they are 
located at L = 10-19 range beyond the stable trapping 
region for ~ 1 MeV helium. 

Of particular interest is the top three panels in Figure 
2, which shows that the ion pitch angle distributions of 
this event in the three regions are different from each 
other, and all of them were different from an isotropic 
distribution, indicating a temporarily confined compo- 
nent. 

Both Figures 1 and 2 show that the observed ener- 
getic helium ions in the polar cap region are spatgaily 
separated from those close to the equator in the radi- 
ation belt. A natural question is what is the original 
source for the energetic population in the polar cap re- 
gion and what maintains the confining topology? 

The counting rates of lower energy ions measured by 
the MICS sensor are shown in Figure 3. The figure ex- 
hibits large amounts of lower energy He ++ and 0 >+2 
during the two-hour event period, thus suggesting a so- 
lar wind source for the particle fluxes we report. An- 
other interesting point is that the He ++ panel also dis- 
plays a different peak in each of the three regions in this 
event. Comparing Figure 1 with Figure 3, one finds that 
the helium energy spectra become softened from region 
1 to 2 to 3, because the He ++ ions measured by the 
MICS are in the energy range of about 1-200 KeV/e. 
The key point is that the observed helium ions in this 
two-hour event most likely are from the same solar wind 
source but that they exhibit different energy spectra in 
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different regions, which suggests a further local acceler- 
ation mechanism. 

The measurements strongly suggest that the ener- 
getic ions in the polar cap constitute a new temporarily 
confined heavy ion population that was controlled by 
some local accelerating and confining mechanism. This 
high latitude discovery warrants further investigation. 

4. Discussion 

Another way to determine the source of the observed 
energetic helium ions is using the isotopic ratio. The 
effective solar source SHe/4He ratio is expected to be 
a few parts in 10 4 in the solar corona and in the solar 
wind [e.g., Azford, 1970; Geiss et al., 1970; Geiss and 
Reeves, 1972], whereas the same ratio was less than one 
part in 10 e for plasmas associated with the ionosphere 
[Azford, 1970]. At L > 5, the direct event mode of 
the HIT sensor detected 21 helium ions at energy of 
about 1.5-4.5 MeV, among them five are SHe. Although 
this constitutes rather low count statistics, if they were 
from solar wind accelerated by interplanetary shocks, 
one would expect the HIT to detect only 0.01 SHe not 
five, that is more than two orders of magnitude less 
than what was observed. Therefore, if solar wind is the 
source then there would possibly be a local acceleration 
mechanism that preferred lower rigidity ionsø 

The CRRES spacecraft observed a significant amount 
of SHe at L < 4 [C hen et al. 1994], which can be at- 
tributed to the energetic proton interactions with the 
residual atmosphere [Chen et al., 1996a,b; Selesnick 
and Mewaldt, 1996]. However, within the classical ra- 
diation belts the measured SHe/4He ratios at 51-86 
MeV/nucleon increased with the decreasing L, and that 
is different from the present HIT result (SHe/4He de- 
creased as L decreases). Thus, by spatial location and 
radial gradient, proton interactions by nuclear reactions 
in the atmosphere is not likely to be the source for the 
helium ions reported here. 

For small (impulsive)solar energetic particle (SEP) 
events at an energy of .,. 1-4 MeV/nucleon, Reames 
[1993] reported very high SHe/4He ratios ranging from 
0.1 to 20 in those events. These large ratios were ex- 
plained by a model in which the SHe ions were preferen- 
tially accelerated by a wave-resonance mechanism [Fisk, 
1978; Ternerin and Roth, 1992] during solar flares. Data 
from the WIND spacecraft on August 27, 1996 showed 
that ß (1) the solar wind ion density decreased from 
15/cm s at 8 UT to 10/cm s at 10 UT; (2) the solar 
wind speed fluctuated between 430 km/s and 455 km/s 
during the two-hour period; (3) a small 20-minute SEP 
event was detected at 4 UT with a peak helium flux of 
22 particles/(cm2-sr-s-MeV/n) at 0.32-0.64 MeV ener- 
gies. While in the above small SEP event the helium 
energy is comparable to that in Figure 1, this SEP event 
occurred 4.5 hours earlet than the polar event, and both 
the time period and peak flux in the SEP event were 
almost one order of magnitude less than that in the 
polar event. In other words, no simultaneous compara- 
ble flux was observed by the WIND spacecraft, and this 
seems to rule out the solar flare as a direct and transient 
source. 

To gain an insight into what factors are important 
to confine MeV ion fluxes in the polar region, in Fig- 
ure 4 we plot the magnetic field direction angles and 
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Figure 4. Magnetic field directions and magnitude, 
in the GSM polar coordinates, for both the GMF (top 
three panels), measured by POLAR, and the IMF (bot- 
tom three panels), measured by WIND, where Bp is the 
longitude; Bt, the latitude; and B, the magnitude. The 
numbers of 1, 2, and 3 within the vertical dashed lines 
mark the three different regions in the event. 

magnitude during the period of interest in the Geo- 
centtic Solar Magnetospheric (GSM) polar coordinates. 
Figure 4 shows that within the two-hour event period 
the geomagnetic field (GMF) experienced strong dis- 
tortions, which have no obvious temporal association in 
the IMF. The WIND spacecraft was in a position about 
90 Re from the Earth during the event period, and one 
would expect a 22 minutes delay with the observed solar 
wind speed for any causal variation. To confine ener- 
getic ions, two local maxima of the geomagnetic field 
intensities are required or at least a localized minimum 
field intensity. Indeed, Figure 4 shows three local GMF 
B-minima, and this may substantiate the idea of the 
observed temporary confinement. 

The MICS data indicate that POLAR was in a re- 

gion dominated by magnetosheath plasma. The or- 
bit showed that in this time interval, POLAR was just 
above the nominal position of the cusp. The IMF, as 
shown in Figure 4, was northward for most of the in- 
terval, which would move the. cusp region northward 
and possibly open up the "throat" of the field topology 
making the magnetosheath plasma accessable to PO- 
LAR. A detailed inspection on GMF B panel in Figure 
4 and He ++ panel in Figure 3 reveals that the three lo- 
cal GMF minima are anticorrelated with the local He ++ 
peak fluxes. However, this is not the case for the higher 
energy helium measured by the HIT. 

5. Summary and Conclusions 
The HIT sensor onboard the POLAR spacecraft ob- 

served a two-hour energetic heavy ion event (~ i MeV) 
at 8:25-10:25 UT on August 27, 1996 near apogee (~ 9 
Re and an invariant latitude of ~ 80 ø). Our principal 
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conclusions are the following: (1) Unique observation 
of very energetic helium in vicinity of day-side polar 
cusp, which showed three different helium peaks (or re- 
gions). (2) The helium pitch angle distribution in these 
three regions are different from each other, and all of 
them are different from an isotropic distribution. (3) 
The event had a peak spin averaged flux of nearly 150 
particles/(cm2-sr-s-MeV). No comparable flux was ob- 
served by the WIND spacecraft. (4) The appearance of 
the lower energy He ++ and 0 >+2 indicates a likely solar 
source for this event. (5) From region I to 2 to 3 in Fig- 
ure 3, the helium energy spectra progressively softened. 
(6) A distorted magnetic field with three local minima 
corresponding to the three helium peak fluxes was ob- 
served by POLAR during this two-hour period. One 
possible explanation of the event is that these ions were 
energized from lower energy helium by a local accelera- 
tion mechanism that preferred smaller rigidity ions. A 
new temporarily confined and solar originated ion pop- 
ulation (up to at least 2 MeV) in the polar cusp, which 
exists only during GMF distortion periods, has been 
observed. 
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