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Large Anisotropies in the 18 August 2010 Solar Particle Event Observed at STEREO/Ahead
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Abstract: The solar particle event observed at STEREO-Ahead on 18 August 2010 displayed a rich variety of behavior
in particle anisotropies. Protons at 4-6 MeV showed very large bidirectional anisotropies for the first � 18 hours of the
event while apparently inside a magnetic cloud, with intensities along the field direction several hundred to nearly 1000
times greater than those perpendicular to the field. Associated with the arrival of a shock on 20 August was a series of
brief ( � 10 minute duration), relatively narrow ( � � 	 
 FWHM) shock spikes. We present observations from the LET
instrument on STEREO of this interesting event and compare it to the 2 May 1998 event observed by SOHO.
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1 Introduction

As solar activity began to increase at the onset of cycle

24, several significant solar energetic particle (SEP) events

appeared in August 2010. The event on 18 August 2010

had the highest � 2 MeV proton intensities observed at the

STEREO-Ahead spacecraft between mid-December 2006

and early March 2011. Particles from this event were also

detected at ACE and STEREO-Behind [1], spanning more

than 150 � in longitude. Compositionally, this event was

typical of a large proton event, with little or no
�
He de-

tected and an Fe/O ratio (at 0.5 MeV/nucleon) similar to

that of the corona [1]. This event was associated with a

C4.5 x-ray flare that began at 04:45 UT on 18 August from

active region 11099, along with type II and type III radio

bursts (http://www.swpc.noaa.gov/). This region had been

fairly active, producing 5 other C-class x-ray flares and 23

B-class flares in the preceding 4 days. Region 11099 was

over the limb at N18 � , � W100 � at the flare onset, putting it

20 � west of STEREO-Ahead, and the flare would probably

have been more intense than C4.5 if it were not occulted by

the limb. By 05:48 UT a fast (1471 km/s) partial halo coro-

nal mass ejection (CME) was detected by SOHO/LASCO

(http://cdaw.gsfc.nasa.gov/CME list/).

Sectored rates measured by the Low Energy Telescope

(LET) [2] on STEREO-Ahead during this event displayed

a rich variety of behavior in particle anisotropies, as we

present below. Most striking was the very large magni-

tude of the anisotropies and their long duration; there was

also an interesting series of brief, highly anisotropic “shock

spikes” [3] associated with the passage of a strong shock.

2 Observations

Time profiles of protons at energies of 1.8 to 40 MeV mea-

sured by LET and the High Energy Telescope (HET) [4] on

STEREO-Ahead during the August 2010 time period are

shown in figure 1. The 18 August event occurred during a

rather active period, but particle intensities rose about 2 or-

ders of magnitude above the pre-event background. Inten-

sities at the lower energies increased throughout the event,

peaking near a shock on 20 August, while at higher ener-

gies they peaked early in the event and fell more quickly.

Such behavior is typical for large events (see, e.g., [5]).

Velocity dispersion at the onset of the event is evident in

the bottom panel of figure 1; the higher-energy protons ar-

rived several hours before the lower-energy particles. The

projected release time at the Sun is � 04:50 UT, compat-

ible with the solar activity discussed in section 1, but the

apparent pathlength as determined by the observed veloc-

ity dispersion is � 2.4 AU, twice the 1.2 AU length of the

nominal Parker spiral field line.

Figure 2 shows magnetic field and solar wind param-

eters at STEREO-Ahead during this event. The most

obvious feature is the strong shock at 16:14 UT on

the 20th, which had a magnetosonic Mach number of

4 and a shock normal angle of  � � =57 � (http://www-

ssc.igpp.ucla.edu/forms/stereo/stereo level 3.html). There
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Figure 1: Time profiles of energetic protons at STEREO-

Ahead in 6 energy intervals, using data from LET (4 lowest

energy bands) and HET (2 highest energy bands). The top
panel shows the 18 August event in context with the sur-

rounding activity, using 10-minute averages for LET and

15-minute averages for HET data. The bottom panel shows

an expanded view of the 18 August event itself using 1-

minute averages.

appears to have been a steady rotation of the magnetic field

latitude between about 08:00 UT on the 18th and 05:00 UT

on the 19th, accompanied by a small ( � 1 nT) increase in

the field magnitude, with relatively low ( � 20,000 K) pro-

ton temperatures during at least part of this period, sug-

gesting the passage of a magnetic cloud [6]. Throughout

most of the 18th and 19th, the magnetic field longitude was

displaced from the nominal Parker spiral direction by � 50-

60 � .

The LET instrument measures sectored rates in 16 different

look directions centered on the ecliptic, distributed in two

fans each spanning 133 � of longitude and � 30-40 � of lati-

tude [2]. Time profiles of 4-6 MeV protons in each of the

16 sectors are shown in figure 3. A remarkable, extended

period of very large anisotropies occurred during the first

day of the event; ratios of observed maximum to minimum

sectored intensities reached as high as � 1000. Early in

the event the time profiles cross each other as the magnetic

field line wandered in longitude from sector to sector (fig-

ures 2 and 4). The apparent reduction in anisotropies on

18 August between 12:00 UT and 15:00 UT (figure 3) hap-

pened when the B field and particle beam swept through a

gap in the LET field of view (figure 4) and therefore the

full magnitude of the anisotropies went undetected. Large

anisotropies persisted for nearly 18 hours, from the event

onset at � 08:00 UT on the 18th until almost 02:00 UT on

the 19th.

For the last half of the day on 18 August the field direc-

tion was relatively steady. The inset in figure 3 shows the

angular distribution of protons (in the spacecraft frame) ob-

Figure 2: Plasma parameters at STEREO-Ahead using 1-

minute resolution data. From top to bottom, panels show

the R, T, and N components of the magnetic field, the mag-

nitude, RTN latitude (i.e., � � � 
 �  � � � � � � �
) and longitude

( � � � 
 �  � � � �  �
) of the field, the speed, density, and tem-

perature of solar wind protons, the total (magnetic plus

plasma thermal) solar wind pressure, and the plasma beta.

The top 6 panels are from MAG; the bottom 5 incorporate

data from PLASTIC. Gray trace in the B magnitude panel

is a factor of 3 enlargement to better show details early in

the period. Shaded regions in the B longitude and latitude

panels indicate directions outside of LET’s field of view,

while dashed lines mark the nominal Parker spiral field di-

rection.

tained by averaging over more than 5 hours during this pe-

riod, compared with the B field direction. Since the field

was near gaps in the LET field of view and the sectors

adjacent to the gaps are twice as wide as the others, the

alignment of the particle beam with the field is somewhat

obscured in the plot. It is perhaps more obvious that the

directions of minimum intensities were in fact orthogonal

to the field direction. Even when averaged over such a long

time, the observed maximum to minimum sectored inten-

sity ratio is nearly 100. The particle flow was clearly bidi-

rectional at this time (as is also seen in figure 4), with in-

tensities coming from the Sun roughly 5 times higher than

those flowing back toward the Sun.
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Figure 3: Time profiles of 10-minute averaged 4-6 MeV

protons from LET on STEREO-Ahead in 16 different sec-

tors, with the shock passage marked by a dashed line. Look

directions in the ecliptic and sector widths are indicated by

wedges with the corresponding grayscale in the pie chart.

Inset is a polar plot (on a logarithmic radial scale) of the

directional intensities in the R-T plane (ecliptic) during the

time period indicated; gray lines mark the projected mag-

netic field direction using all 1-minute samples during this

period.

Figure 4: The ratio of the 4-6 MeV proton intensity in

each of 16 sectors to the sector-averaged intensity (in 10-

minute intervals) from LET on STEREO-Ahead is shown

(gray scale); white bands are outside the LET field of

view. Superposed are both polarities of the 1-minute aver-

aged magnetic field longitudes (black-on-white dots). The

shading scale saturates at ratios of � 0.3 and 3, but proton

anisotropies were much larger than this (see figure 3).

From about 02:00 UT to 05:00 UT on the 19th the pro-

tons became nearly isotropic. Following this there was

a small (factor of � 2) excess of particles coming from

the sunward direction that lasted more than a day. Up-

stream of the shock, a series of short duration ( � 10 min-

utes) highly anisotropic shock spikes appeared, similar to

those observed in the vicinity of shocks in previous events

(e.g., [3]).

The intensity ratio of the 4-6 MeV to 1.8-3.6 MeV protons

shown in figure 5 can be used to obtain an estimate of the

proton spectral hardness and track its evolution throughout

the event. The large velocity dispersion at the onset (figure

Figure 5: Intensity ratio of the 4-6 MeV to 1.8-3.6 MeV

protons from LET on STEREO-Ahead (top panel) and the

corresponding spectral index (right axis). Bottom panel
shows the He/H ratio at 1.8-3.6 MeV/nucleon. 10-minute

averages are used in both plots. The time of the shock pas-

sage is marked with a dashed line.

1) resulted in this ratio reaching a maximum of � 3, equiv-

alent to a spectral index of � � ; the ratio exceeded unity

for � 1.5 hours. The spectral hardness decreased more or

less steadily during the event before spiking at the shock

passage on the 20th. The He/H ratio in the bottom panel

of figure 5 was relatively low throughout the event, averag-

ing about 0.004. Although nearly constant during most of

the event, it started very low and rose slowly over the first

half day, and actually increased at the shock by more than

a factor of 2. Perhaps most peculiar is the abrupt drop in

He/H by a factor of 4 early on the 19th, in association with

a slight hardening of the proton spectrum. One might be

tempted to interpret this as an indication of a new injection

of particles from a different SEP event with a lower He/H

ratio, but there was no increase in the proton intensities at

this time (figure 1); the decrease in He/H is entirely due to

a sudden drop in the He intensity. This is the same time

period during which the protons were very isotropic (figure

3). It is not clear what caused this combination of features.

At higher time resolution it appears as if the shock spike on

20 August might consist of multiple peaks from � 16:10-

16:25 UT that are almost resolved by the instrument (fig-

ure 6). The highest of these peaks occurred 1-2 minutes

before the shock passage at the lowest energies, but several

minutes after the shock at the higher energies. The spike

is clearly visible even at 10-15 MeV; typically such spikes

do not extend beyond � 5 MeV [3]. The protons were nar-

rowly beamed ( � 45 � FWHM) unidirectionally along the

field during the shock spike (figure 7). Shortly downstream

of the shock the intensities dropped precipitously and be-

came isotropic (figure 3), as is often observed.
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Figure 6: 1-minute averaged proton rates from LET on

STEREO-Ahead (at the energies indicated) near the shock

spike of 20 August 2010, compared with the magnetic field

magnitude (dashed line; right axis).

Figure 7: Polar plot of the in-ecliptic directional intensi-

ties (with statistical uncertainties) in 16 sectors of 4-6 MeV

protons from LET on STEREO-Ahead averaged over a 3-

minute period at the shock spike of 20 August 2010. Gray
lines show the three 1-minute averaged magnetic field di-

rections during this interval.

3 Discussion

Our detailed analysis of this interesting event is just begin-

ning. Inspection shows that during this event there may be

some inverse correlation between larger anisotropies (fig-

ure 3) and lower plasma beta (bottom panel of figure 2), as

reported in other events [7], which may merit further inves-

tigation.

The field and plasma parameters (figure 2) suggest that dur-

ing the onset of the 18 August event STEREO-Ahead was

inside a magnetic cloud, probably associated with an earlier

CME from the same active region, which might account for

the long ( � 2.4 AU) particle pathlength. If anchored at the

Sun, an injection of particles can travel along such a con-

duit with little scattering (due to the less turbulent fields),

becoming highly anisotropic through focusing, and may

flow bidirectionally if particles are injected at both foot-

points or if they undergo magnetic mirroring. Many such

events have been studied (e.g., [8, 9]), but rarely have such

large anisotropies been reported. An event that also had

proton intensities along the field 1000 times greater than

those perpendicular to it took place on 2 May 1998 and

was observed by SOHO/ERNE [10]. The May 1998 event

originated from an active region 15 � west of the spacecraft

only 1.5 hours after a magnetic cloud from the same re-

gion reached SOHO, very similar to the situation we report

here. Analysis of that event found that the parallel mean

free path was at least 10 AU; we have not yet performed

such an analysis for the August 2010 event.

The shock spikes observed here have some interesting char-

acteristics. Such a spike generally has a high intensity only

when the shock normal is almost perpendicular to the mag-

netic field [3]. A series of spikes as we detected may be

created when fluctuations in the field direction or ripples

in the shock surface cause the local geometry to be more

nearly perpendicular, with acceleration ceasing and inten-

sities falling whenever the field becomes more parallel to

the shock [3]. The maximum particle intensity should be

a few gyroradii downstream from the shock front [3], so

higher energy particles should peak later, as we observed

(figure 6). Typically the proton spectra are softer at the

shock, however. Harder spectra at energies � 5 MeV seem

rather unusual and warrant further study.
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