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Abstract. We present observations of Almost Monoen- 1978), at the libration point (L1) at240Rg (Balogh et al.,
ergetic lon (AMI) events in the energy range of 100- 1978; Scholer et al., 1981; Klassen et al., 2008), but also
1200 keV detected with the Solar Electron and Proton Tele-using STEREO observations far away from the bow-shock
scope (SEPT) onboard both STEREO spacecraft. The emat the distances up to 11@Q; (Muller-Mellin et al., 2008a;
ergy spectrum of AMI events contain 1, 2, or 3 narrow Desai et al., 2008).

peaks with the relative width at half maximum of 0.1-0.7 and The upstream ion bursts are often associated with ener-
their energy maxima varies for different events from 120 to getic electrons %30 keV) and were explained in two ways:
1200 keV. These events were detected close to the bow-shodi) by the leakage of magnetospheric particles accelerated
(STEREO-A&B) and to the magnetopause at STEREO-Bwithin the magnetosphere (e.g. Sarris et al., 1978; Krimigis
as well as unexpectedly far upstream of the bow-shock anet al., 1978), (2) by the acceleration at the bow—shock via
far away from the magnetotail at distances up to 12890  Fermi or shock drift acceleration (e.g. Scholer et al., 1981;
(STEREO-B) and 1908 (STEREO-A). We discuss the Burgess 2007, and references therein).

origin of AMI events, the connection to the Earth’s bow-  All these mechanisms predict power-law like energy spec-
shock and to the magnetosphere, and the conditions of the irtra with a negative slope without any spectral fine structures.
terplanetary medium and magnetosphere under which thesedeed such spectra were observed by different space mis-
AMI bursts occur. Evidence that the detected spectral peaksions during the last 40 years (e.g. Desai, 2000). Lutsenko
were caused by quasi-monoenergetic beams of protons, hend Kudela (1999) first reported observations of 1, 2 or 3 nar-
lium, and heavier ions are given. Furthermore, we presenttheow peaks A E/Emax>0.15+-0.30) in spectra of upstream
spatial distribution of all AMI events from December 2006 ion events using observations with the DOK-2 instrument
until August 2007. onboard the Interball-1 spacecraft (Lutsenko et al., 1998).

Keywords. Interplanetary physics (Energetic particles: In- These ion events have been callgdrhost Monoenergetic

terplanetary shocks) — Magnetospheric physics (Energeti¢®nS” (AMI) and were observed close upstream of the bow-—
particles, precipitating) shock and in the Earth’s magnetosheatli% Rr from the

nose of the bow-shock), but not in the outer magnetosphere
inside of the magnetopause. Because the energy ratios in 2
and 3 peak spectra were 1:2 and 1:2:(5-6), respectively, they
proposed that these spectral peaks can be explained as H
Het+ and CNG°~9+ ions accelerated in a bursty, strong
%Iectrostatic field in a small region on the magnetopause or at
t

Earth’s bow—shock and in the Earth’s magnetosheath ha i
been well known since the 1960s (e.g. Asbridge et al., 1968), € bOW'ShOCk (Lutsenkq and Kudela, 1999; Lutsenko .2001)‘
Occasionally the detection of a hump or a local maximum

Most of such upstream bursts were observed near the bowv—v reported near to 100 keV in Earth’ tream events (An
shock at~25Rg (Rg, Earth’s radius) (e.g. Krimigis et al., asreported nearto € arth's upstream events (An-

derson, 1981; Anagnostopoulos et al., 2000) and in bursts
upstream of the Jovian bow-shock (e.g. Zwickl et al., 1980).

Correspondence toA. Klassen It has been presumed that this hump can be explained under
BY

(klassen@physik.uni-kiel.de) some specific conditions either by shock drift acceleration

1 Introduction

The presence of energetic ionsiMeV) upstream of the
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Fig. 1. Top-left, dynamic energy spectrum of an AMI event and two common upstream ion events in the range 0.1-1.2 MeV observed
with SEPT-A/Antisun far upstream of the Earth’s bow—shock (Bz§ on 27 February 2007. Top-right, AMI spectrum with a peak at

260 keV from SEPT-A/AntiSun (blue) and without a peak from SEPT-A/North (red) telescope. Bottom-right, for comparison the spectra
of a common upstream event without any significant spectral structures. Bottom-left, the IMF components show only very small variations
before and during the AMI event.

(Anderson, 1981; Decker, 1988) or by particles being accelimagnet/foil particle telescopes which separate and measure
erated in the magnetosphere and leaking into the upstreamlectrons in the energy range 30—400keV and ions from 60
region (e.g. Anagnostopoulos et al., 2000). to 7000 keV (Miller-Mellin et al., 2008a). The energy range
The first detections of AMI events close to the bow—shockis divided into 32 logarithmically spaced channels with an
and to the magnetosphere using observations at STERE@nergy resolution 0f=10% in the range<1200 keV where
with the SEPT instrument were already reported blist- the AMI events were observed.
Mellin et al. (2008a). Anisotropy information on the non-spinning spacecraft is
In this paper we extend our observations of AMI events provided by two separate telescopes: SEPT-E looking in the
in the energy range of 100-1200keV to August 2007, andecliptic plane along the Parker spiral magnetic field (i.€. 45
to distances up to 190 and 110QR: from the Earth for ~ west of the spacecraft-Sun line) both towards and away from
STEREO-A&B, respectively. We supply evidence for the the Sun, and SEPT-NS looking vertical to the ecliptic plane
acceleration mechanism and for the source of the multi-peakowards North and South. The dual set-up refers to two ad-
spectra. Furthermore, we present spatial distributions of aljacent sensor apertures for each of the four view directions:

AMI events from December 2006 until August 2007. one for protons, one for electrons. The double-ended set-
up refers to the detector stack with view cones in two op-

posite directions: one side (electron side) is covered by a
2 Instruments and data selection thin foil, the other side (proton side) is surrounded by a mag-
net. The magnet sweeps away electrons but lets ions pass.
We report observations made with two instruments SEPTThe geometry factor for each electron and proton telescope
and SIT from the Solar Energetic Particle (SEP) suite of theis 0.13 cnfsr and 0.17 crhsr, respectively. The SEPT field
STEREO IMPACT investigation. The Solar Electron and of view is 52 and the time resolution is 1 min.
Proton Telescope (SEPT) consists of two dual double-ended

Ann. Geophys., 27, 2072685 2009 www.ann-geophys.net/27/2077/2009/
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The Suprathermal lon Telescope (SIT) is a time-of-flight o o 12 N AR N AR R AR ]
mass spectrometer and is able to identify the elemental and . ]
isotopic composition of ions in the energy range from few g
10s of keV/nucleon to several MeV/nucleon. The field of —0.01F
view is 48 x17° and the boresight of the 44&one is ori- .
ented towards the Sun 8@/est from the spacecraft—Sun line

(Mason et al., 2008). Note that SEPT measures the total en- § 0.00F
ergy of ions, but not its nuclear charge. Hence, the SEPT and 7 .
the SIT spectra are presented on a total energy scale. R4

During 9 months from December 2006 until August 2007 0.01F

60 AMI events were detected with SEPT using the follow- .

ing selection criteria (as an example see Fig. 1): a) the AMI E ]

peak is detected during two or more accumulation times (i.e. 0.0260 3

>2min), and at least in two energy channels, b) the peak . ]

maximum intensity is at leastv4above the pre—event back- S Lovin, ] LN B

ground (the mean intensity is taken during 40 min before the 0.02 0.0t 0.00 -0.01 -0.02

event), c) the peak maximum intensity in the spectrum is two Xese (AU)

error bars higher than the intensity at the lower energy limit

of the structure. Note that at energie800keV the error  Fig. 2. Position of STEREO-A and B during the event on 27 Febru-

bars are comparable with the diamond symbols in Figs. 1-5ary 2007 in relation to the Earth's bow-shock and the magneto-
sphere (orange lines). The arrows and the lines indicate the ecliptic
IMF component and the nominal Parker spiral according to the solar

3  Observations wind speeds observed at both STEREO spacecraft and at ACE.

3.1 Examples of AMI events ) .

changes before, during and after the event (Fig. 1, bottom-
AMI events were detected upstream and close to the bow-eft).
shock at both STEREO-A&B spacecraft as well as unex- 1he AMI and two common events on 27 February 2007
pectedly far upstream of the bow—shock at distances up t§NOW @ strong anisotropy and they are streaming from the
1900R; (STEREO-A) and in the magnetosheath, close to@ntisun/Earth direction, because the other three telescopes,

the magnetopause and far away from the magnetotail at disdirected towards the Sun, North, and South did not detect any
tances up to 1108 (STEREO-B). enhancements (e.g. red line in Fig. 1 top-right). The vector

Generally, the narrow peaks were detected at different en®' the IMF pointed towards the magnetosphere/magnetotail

ergies in the range 100-1200keV, while the single peakd9reen arrow in Fig. 2), suggesting that the observed parti-
or the first peak in multi-peak events were detected belowf!€S indeed were streaming from the magnetosphere along
370keV. The events show a strong anisotropy and were onl);he magneUc field. Figure 2 shows the position of STEREO-

detected with telescopes directed towards the Earth, i.e. with® rélative to the Earth’s bow-shock and the magnetosphere

SEPT/AntiSun telescope on STEREO-A and with SEPT/Surduring the events presented in Fig. 1. _
telescope on STEREO-B. Figure 3 shows examples of AMI events with three-peaks

Figure 1 presents an example of the dynamic energ>;a),two-peaks (b), and one-peak (c) observed with STEREO-

spectrum (top-left) and the energy spectra (top-right) of anB when the spacecraft'was, at'dlfferent positions far away
AMI event occurring on 27 February 2007 at 10:00UT from the magnetospheric tail (,F'g' 3d). :
and two subsequent common ion upstream bursts observed The one-peak spectrum (Fig. 3c) was observe_d at a dis-
with SEPT-A looking towards the Earth/AntiSun direction. &nc€ of 0.047 AU (110®&p) from the Earth. During the

The spacecraft was located upstream of the Earth's bow_eventSEPT—B was looking towards Earth/Sun and the space-

shock and 65&; away from the Earth (Fig. 2). The craft was not connected to the magnetosphere or to the the

AMI event was detected during 4 successive accumulatiorPPW'ShOCk' buF r{;\ther o th.e upstream region (red arrow in-
times (4 min) and shows a narrow peak with a maximum atdicates the ecliptic magnetic field component). For the two-

Emax=260keV and a FWHM (Full Width at Half Maximum) and three-peak events (Fig. 3b and a) on 2 April and 6 March
of AE=130keV (\E/Emax=0.5). For comparison the follow- 2007, the distances between STEREO-B and the Earth were

ing “normal” ion bursts show a simple power-law spectrum 656R1?~ and 270Rg, respectively anq the magr!etic field vec-
without the peak structure. It can be excluded that this naro pointed towards the magnetotail. The ratios of peak en-

row peak occurs due to a broken magnetic connection to th€'9/€S are 1:2 for two-peaks and 1:2:(5-6) for three-peak
source because, at least locally close to the spacecraft, tHeYNtS:
interplanetary magnetic field (IMF) components do not show

www.ann-geophys.net/27/2077/2009/ Ann. Geophys., 27, 21085-2009



2080 A. Klassen et al.: Upstream almost monoenergetic ions

ST—B_Sun; 31=Jan—-2007; 18:56—-18:59 UT
19° ' E

1x108 frrmrom S e 8 A—lons /SEPT 3
(@ y f’*ﬂ\ 6-March—2007: 1144 U B s N
1x10* —
L \ 10
3 a0t i E 3
b W&A\ = r a
o xe? 5 107k E
£ X\ " E =
: 1x10° o r ]
B E 2| |
£ 1x10° AM\%% 5, 10 g E
- _2\. F ]
1x10™" in i T
N S 10Tk 4
E ——— ———— —— 15 E E 3
F () A M&%\ 2-Aplil-2007: 2319 UT B ]
_ 1x10%e = 10%L E
= E E - —
2 C X&\ ] r ]
5 110 : i & —lons/SIT |
E b i i | 100.0L -:
= 1x107E 3 = E =
= E 3 il ~ 4
3 F W ] = r ]
€ ixioe . @ - -
s 3 ol
r \ ] o 10.0 = 3
[P —— ——— ] S E 3
— 5 c ]
ios© 4 27-April-2007: 1634 UT| = C ]
: \ oo ._
= 1x10? 2 E 3
= m = C ]
o 1x10' B ]
\g/ 01 | | 1 1 1 | | 1
z ™0 \m 0.1 1.0
E o o Total Energy (MeV)
1x10°2 4 Fig. 4. AMI event observed simultaneously with the SEPT (top
Y % - panel) and SIT (bottom panel) instruments onboard STEREO-B on
E (MeV) 31 January 2007. Both spectra show two peaks around 370 and
‘ 1 740 keV with the peak energy ratio of 1:2.
—0.04F ; Stereo Behind |
~0.02 P~ The association between AMI events and electron bursts
2 is weak. Only during 9 of 60 AMI events a weak elec-
g o tron burst at energies 45-100 keV was nearly simultaneously
(2 min) observed. The electron spectra do not contain any
0.02 spectral peaks and show a usual power-law shape. We sup-
pose that these electrons are not really associated with the
0.04, ‘ 1 ion increases and are only chance coincidences. Indeed, if

004 002 000 —00z —0.0% both types of particles had escaped from the same source at

the same time, the time delay between electrons and pro-
tons on arrival should be between 3 and 36 min, due to ve-
Fig. 3. AMI events observed at SEPT/STEREO-B far away fro”_” locity dispersion between electrons and ions and due to pro-
?t?)e tr\?vz?::;issp;:crtlfutrinsswtgri%}ﬂe;g&gfg:gI]);:kﬁsgﬂeegtﬁzrﬁoc?r?’ gressive increase of the distance between the spacecraft and
the Earth. This supports the observations of Lutsenko and

27 April 2007,(d) position of STEREO-B during events a, b, c in dela (1999 ) | ab f icel
relation to the Earth’s bow-shock and the magnetosphere (oranggLI ela ( ) reporting a total absence of energetic electron

lines). The red arrows indicate the ecliptic IMF component during (lUXes exceeding background levels during AMI events.
the events. The red, green and blue lines show the nominal Parker

spiral for event (b) according to the solar wind speeds measured at

both STEREO and at ACE spacecraft, respectively.
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Fig. 5. AMI event on 25 August 2007 detected from the AntiEarth/Sun direction. It occurs 20 min after the passage of a CIR forward shock
(second panel). Top-right, spectrum with a peak at 165 keV from SEPT-A/Sun (blue) and without a peak from SEPT-A/AntiSun telescope.
Bottom-right, the position of STEREO-A (green) and the IMF ecliptic component during the event (arrow).

3.2 Comparison of AMI events observed with the SEPT  ima around 370 and 740 keV and the SIT instrument detects
and SIT the first peak in H spectrum at 400 keV and the second peak
in He at 760 keV total energy. The peak maximum ratio is

Lutsenko and Kudela (1999) suggested that due to the peakl0Se t0 1:2 for both instruments Whifh could be explained
energy ratios in two and three-peak spectra as 1:2:(5-6pY accelerated solar windHand He' ions. In addition
the AMI events could be explained astHHet*+ and here is a small hump around 1200keV in the SEPT spec-

CNOG-9+ ions accelerated in a burst of electrostatic field. trum, which could be associated with enhanced counts of

In order to explore direct evidence for this idea we comparegSolar wind CO9* jons. Unfortunately, this hump is not
AMI spectra observed simultaneously with the SEPT andresolved in SIT CO spectra, most likely due to poor counting
SIT instruments at STEREO-B during the event on 31 Jan-Statistics. During the event STEREO-B was Ri5away
uary 2007. In contrast to SEPT, the SIT instrument is able tgffom the Earth, close to the magnetopause, at GSE coordi-
distinguish between different species, e.g. H, He and CNO. Nates:Xese=—94 R, Yese=+47RE andZgsg=+48RE.

Figure 4 presents this comparison. We note that the abso-
lute intensities reported by SEPT and SIT are not the sam&-3 AMI events associated with a CIR shock
due to differing view cones, and uncertainties in the detec-
tion efficiency for protons by SIT. There are two distinct nar- Almost all AMI events observed at STEREO-A were de-
row peaks in SEPT and SIT spectra which match each othetected with the SEPT-A/Antisun telescope revealing a strong
very well. The SEPT spectrum shows two peaks with max-anisotropy of particles streaming from the Earth (antisun)

www.ann-geophys.net/27/2077/2009/ Ann. Geophys., 27, 21085-2009
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Fig. 6. The spatial distribution of AMI events observed along the both STEREO-A&B orbits (green and red lines) during the time interval
from 15 December 2006 to 29 April 2007. Each event (black point) are shown in relation to the Earth’s bow-shock and the magnetopause
(orange lines). The Sun is to the left. The right panel presents the number of AMI events as a function of radial distance from the Earth.
Predominately, the AMIs occur at distances smaller thanR90but there are still events observed further than 180 The two events

near 600(R g are associated with the passage of a IP shock.

direction. That is expected if the source of AMIs is located 3.4 Spatial distribution of AMI events
close to the Earth. Two exceptional events were observed on
25 August 2007 with the SEPT-A/Sun telescope, suggesting@oth STEREO-A&B spacecraft detected altogether 60 AMI
that these beams stream from the Sun direction. Howevergvents at different times and positions. The AMI's occur
they were not associated with any activity at the Sun. not only upstream and close to the Earth’s bow—shock, but
Figure 5 shows one of them when STEREO-A was also far away from the Earth up to distances of 0.081 AU
0.27 AU (6330Rg) away from the Earth. The top-left fig- (1900Rg) and 0.049 AU (114&z) on STEREO-A&B, re-
ure presents the dynamic spectrum of the AMI event atspectively (Fig. 6). Furthermore, at STEREO-B the AMI
20:50 UT followed by a small normal event. The top-right events were detected also inside the magnetosheath, close to
figure presents the AMI spectra from the sunward (blue) andthe magnetopause (Fig. 6, middle), and far away from the
from the antisunward (red) directions. The blue one containgmagnetotail. In the last case the observed AMI events do
a narrow peak at 165 keV, while the red one shows a powernot represent the usual upstream events, but possibly a new
law spectrum without significant structures. The subsequentlass of events, because they were observed not upstream of
event at 21:30 UT shows a usual power-law spectrum with-the bow-shock. These events may not be associated with the
out distinct anisotropy. As the AMI event occurs 20 min after Earth’'s bow-shock and its upstream region.
a shock passage (Fig. 5, bottom-left) and as the IMF ecliptic The event distribution along the orbit of both spacecraft is
components during and before the event do not show signifinot uniform and shows a distinct clustering, which reflects
cant Changes, itis SUggeStEd that this event is associated W|ﬁh association with solar wind high_speed streams and en-
the shock passage and is not an upstream event originatinganced geoactivity (e.g. Anagnostopoulos et al., 2000; Desai
somewhere near to the Earth. et al., 2000) rather than with the connectivity to the bow—
Nevertheless, we can not totaly exclude that the spaceshock and to the magnetosphere as for usual upstream events.
craft was connected to the Earth after all, if the magneticThe whole event distribution of number of events vs. distance
field strongly twist around. Indeed, Stansberry et al. (1988)js presented in Fig. 6 (right). About 50% of the events occur
showed on ISEE-3 that local measurement of the IMF iSat distancegZOORE_ Two events around GOQQE are asso-

not a reliable indicator of connection to the Earth. Desai etcjated with a CIR shock passage and were presumably not of
al. (2008) also confirmed this and suggested that upstrearmagnetospheric origin (see Sect. 3.3).

events were seen in connection with large-scale (0.03 AU)
Alfven waves which facilitate the transport of upstream ions 5 g Summary of observational results
from the bow-shock. In our opinion such scenario is not very

probable for this case, because the spacecraft was alrea(;%e SEPT instruments on board both STEREO spacecraft

0.27 AU away from the Earth. detected AMI events whose energy spectra contain one, two,
or three narrow peaks with meaxE/Ens=0.4. The main
properties of 60 AMI events detected in the energy range

Ann. Geophys., 27, 2072685 2009 www.ann-geophys.net/27/2077/2009/
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0.1-1.2 MeV, observed from December 2006 to August 2007 2006-2007: 60 events 2006-2007: 60 event
are presented in Fig. 7a—d. The observational results of a b Mean=4.3 min

’ : . * 30— v
AMI’s are the following:

=
50— §

1. AMI events were observed not only close to or far )

upstream of the bow-shock and inside the magne- N
tosheath, but also far away from the Earth up to dis- §
tances of 0.081 AU (190Rg) and 0.049 AU (114&g) 107 I \

on STEREO-A&B, respectively. STEREO-A detected 10~ R @
only one—peak spectra, while on STEREO-B spec- 0 Nm 0 \ @
tra with one as well as with two or three peaks o2l o 0 8

20—

30

Number of events
Number of events

0 2

were observed. The multi-peak events were observed Number of peaks Puration, min
when STEREO-B was connected with the magne- 2006-2007: 60 events 2006-2007: 60 event
topause/magnetotail, only. The distribution of peaks 307C Mean=260 keVv » d Mean=0.41
number is shown Fig. 7a. P N P N
[5} B [} [
2. On average the AMI duration is 4.3 min and lies in the f_i 20l ffh 16 \
range from few to 30 min. Some events with durations g B N g |
longer than 10 min occurred in groups (Fig. 7b). 2 y 2 . N
> [ > [
3. The ratios of the peak energies for spectra with 2 or L N § 2 L §T
3 peaks are about 1:2:(5-6). This may be explained 0 | ol L
as acceleration of H, He** and CNG>~9+ jons in 0 100 200 300 >400 0 02 04 06 0810
Peak energy (E_max), keV FWHM/E_max

a burst of electrostatic field to energies proportional to

their charges Q (Lutsenko and Kudela, 1999). _ o o
Fig. 7. Distributions of AMI characterictics(a) Number of peaks

4. Comparison of SEPT and SIT observations undoubtedlyin spectra. In the majority of events (50 of 60) only one peak
support the idea that the multi-peak spectral structureds detected. (b) Duration of AMI events. The mean duration is

reflect the presence of monoenergetic beams of H, HeH3min.  Only events with duratiog2min are included in the
and CNO ions (Fig. 4). statistics.(c) Distribution of peak energy and) the relative width

(FWHM/Emay) for all events detected in the range 100—-1200 keV.

5. The relative FWHM of the peaks varied between 11— The majority of peaks occur at energie200keV with relative
75% with a mean of 40% (Fig. 7d). FWHM<0.4. The mean values of the distributions are given in the

plots.
6. Only two AMI events streaming from the Sun/antiEarth
direction were detected with SEPT-A at distances
0.27 AU from the Earth and both were associated with4 Discussion
the passage of a forward CIR shock. This suggests that

the AMI generation process may also act at IP Shocks’C)bservation of narrow peaks in spectra of ions stream-

or, what is less probable, the IP magnetic field strongly "9 from Earth's bow-shock, magnetosphere or from a CIR

twists around, so that the event was detected from theshock suggests that they are quasi-monoenergetic beams of
unexpected “wrong” antiEarth direction. ions accelerated at the bow-shock, CIR shock or accelerated

inside the magnetosphere/magnetopause and then ejected
7. Only 15% of 60 AMI events were observed about si- into interplanetary space. The peak energy ratios in multi-
multaneously £2 min) together with 45-100 keV elec- peak spectra as 1:2:(5-6) can be explained asH&t+ and
trons. However, these electron events do not displayCNO®~9+ ion acceleration in a burst of electrostatic field
any peaks in their spectra. We suppose that these ele¢o energies proportional to the charges Q of these ions as
trons are not really associated with the ion increasegproposed by Lutsenko and Kudela (1999) because all other
and are only chance coincidences, because the electrokmown acceleration mechanisms predict a power-law like en-
should arrive always sooner due to velocity dispersionergy spectrum without narrow spectral structures. It should
(see Sect. 3.1). be noted, that under some specific conditions, it was pro-
. . o . posed that an occasionally observed hump near 100 keV can
8. No obvious IMF structures (e.g. Fig. 1) coincides with pe interpreted as a signature of shock drift acceleration (An-
the majority of AMI events, suggesting they are true iso- derson, 1981; Decker, 1988) or as a leakage of magneto-

lated events and can not be explained as a consequene®eric particles into the upstream region due to rigidity—
of dispersive propagation with intermittent connection genendent escape (Anagnostopoulos et al., 2000)
to the source. ' '
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The last two mechanisms can under specific conditionanodification is provided by the observation of the one-peak
produce one-peak spectra, but it is not clear how they carspectra on 25 August 2007. These particles were streaming
explain two- and three-peak spectra, in particular the peakrom the Sun direction and not from the Earth. They were
energy ratio of 1:2:5-6. Furthermore, a lot of 1-3 peak AMI associated with a CIR forward shock being convected over
events were observed at STEREO-B, when the spacecrathe spacecraft (Fig. 5).
was downstream of the bow-shock or close/far to the mag- why SEPT-A did not detect multi-peak spectra even
netotail. In these regions the shock drift acceleration predictshough it was sometimes connected to the magnetotail is not
near power-law distributions without peaks or humps (e.g.clear yet. A simple explanation is based on low statistic
Decker, 1988). of events observed with STEREO-A (only 18 AMI events),

The idea of quasi monoenergetic beams of ions accelerhecause at Interball-1 the multi-peaks were also observed
ated in electrostatic fields can explain these features and igpstream of the bow-shock. Another possible explanation
strongly supported by the comparison of SEPT and SIT ob4s that the heavier ions of H& and CNG®>—©+ accel-
servations of narrow peaks in H and He spectra (Fig. 4). Theerated somewhere inside the magnetosheath/magnetopause
main problem of this idea is to explain the origin of elec- were modified by their passage through the bow-shock front
trostatic fields in different places/sources, e.g. near bow- anéo that only protons could pass the shock or that the com-
CIR-shocks, and near the magnetosphere/magnetopause (pdsition of H, He, and CNO are different in these regions.
see Lutsenko, 2001). An alternative interpretation, is that the heavier ions may

The AMIs spectra can not be explained as a consequencge more strongly influenced/affected by some kind of tur-
of velocity dispersion and due to a short connection to thepulence/wave activity during their passage through the fore-
source even when the particles had a continuous power-lawhock region (Desai et al., 2008). How all these mechanisms
spectrum in the source. That is clear from the following sim-work in detail is not clear now, but, it appears from our obser-
ple reasoning. For instance, the two-peak spectraobhid  vations that the particles mass/charge ratio may play a crucial
He™* were detected simultaneously (time resolution 1 min) role.

and their onset time should be determined as: In general, the detection of upstream events far away from
H He L L the Earth by STEREO-B suggests that their origin can be
fonset™= Tonset= Vi Vie 1) explained in terms of leakage of magnetospheric particles

) ] ] . rather than by Fermi acceleration at the Earth’s bow-shock,
where V is the velocity of ions and. is the path length  hecayse the spacecraft was well connected to the magneto-
from the source to the spacecraft. Assumings equal for  gpheric tail or sometimes to the dusk sector of the bow-shock
both species, we gefiy./Ey=4, but the observed ratio of 41 not to the quasi-parallel part of the bow-shock.

EnelEn is 2. Therefore the detected spectral peaks are re- . oy ants detected at the location of STEREO-B close

a”YI'r? artroyv ptea_k sin :geTaEc;El((;raAmon dsc;lfrrgzé?é to and far from the tail region of the magnetosphere possi-
€ trajectories o -Aan “b are very bly represent a new class of bursts — magnetospheric particle

different in relation to the magnetosphere and bow-shock, . :
. . events (jets) (Bmez-Herrero et al., 2009) — which are not
While STEREO-A ahead of the Earth could be mainly mag- related to the shock upstream region.

netically connected to the bow-shock, STEREO-B was a
short time in the upstream region, but most of the time close
to the magnetopause and then further away from the mag-
netotail region (see Fig. 6), i.e. it could be connected withS Conclusions
these regions. Note, it is a big challenge to extrapolate the
magnetic field connections to the source particularly at suchVe have presented observations of Almost Monoenergetic
large distances. In fact, small changes in the direction of IMFlon (AMI) events containing 1-3 narrow peaks in their en-
can strongly affect the magnetic connection (e.g. Giacaloneergy spectra. We attribute the peaks to quasi monoener-
et al., 2000). getic beams of K, Het* and CNG°~9+ accelerated at the
Nevertheless, it is plausible to suppose that the AMIshock, at the magnetopause or inside the magnetosheath in
events originating in different sources should demonstratea burst of electrostatic field to energies proportional to their
also some different properties. Indeed, there is a difference itharges Q as proposed by Lutsenko and Kudela (1999). The
ocurrence of one-peak and multi-peak AMI events observedAMI events were detected not only close to and upstream of
respectively by STEREO-A and STEREO-B. Upstream ofthe Earth’s bow—shock but also far away from the magneto-
the bow-shock, both spacecraft observed one-peak spectiphere up to distances of 198@. Additionally we have pre-
only. Multi-peak spectra were observed only by STEREO-sented observations of AMI events associated with the pas-
B when it was rather connected to the magnetopause in theage of a CIR forward shock. We suggest that the bow-shock
magnetotail region. Therefore, we propose that the acceland the CIR-shock accelerate predominantly AMI's with
eration mechanisms acting in these two sources are slightlpne-peak spectra, while the acceleration mechanism acting
different. Another hint towards the acceleration mechanismat the magnetopause or/and inside the magnetosheath is able
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to accelerate quasi monoenergetic beams of Het+ and  Klassen, A., ®mez-Herrero, R., 8m, E., Miller-Mellin, R.,
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