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ABSTRACT

The Solar Electron and Proton Telescope (SEPT) on board the twincspiICBTEREO A and B measures electrons and ions in
the energy range from 60 to above 400 keV with an energy resolutiof%f On 19 October 2009, when STEREO-B was already
1.03 AU away from the Earth, a strong and prolonged almost mongetieion event has been observed with the SEPT instrument.
The event lasted 27 minutes and its energy spectrum contained a stroogy paak at 235 keV with a relative full width at half
maximum of 0.35. The event occurred during a period of slow soladwirfront of a weak ion increase associated with a distant
corotating interaction region (CIR). Previously similar events containiegtspl peaks were detected in the vicinity of the Earth’s
magnetosphere using observations on Interball-1 and on both STEREB gpacecraft.

We present evidence that the narrow spectral peak is caused bgientpraoenergetic ion beam and suggest that the particles were
accelerated at a distant CIR or CIR shock. We discuss the possiblenigeis that could be responsible for accelerating these ions:
the shock drift acceleration, the surfatron mechanism and the adéemlerea large-scale electrostatic field.
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1. Introduction and were explained as ions being accelerated in a large-scal

. o . electrostatic field to energies proportional to their ckar® as
There are three main sources of energetic ions in the range,pposed by Lutsenko and Kudela (1999).

100-2000 keV observed at distances-df AU from the Sun: the Anderson (1981) and Anagnostopoulos et al. (2000) also re-

Sun itself (ions accelerated in flares and coronal shodk&t-i 1,104 ohservations of upstream events whose energy apectr
planetary (IP) shocks driven by coronal mass ejections (M. ined maxima near 100 keV. These maxima were explained
or by corotating interaction regions (CIRs), and the Ealiow- ¢ o0 0| propagatiorfrects and as reflecting féérent stages
shc_)cl{magngtospher_e. The particles assomate_d with IP sho Pthe leakage process of magnetospheric ions towards the up
which are of interest in this paper, were usually interptetebe- - o\, 51 region and not as a result of a specific acceleratich-me
ing accelerated via shock drift acceleration (SDA) or Feaui anism

celeration mechanisms (e.g. Scholer et al. 1981; Burgé€s,;2 : . I . .
Desai and Burgess, 2008, and references therein). The me?rAl%z/-E PecglIalr)earleerggrZ?:scgzoeJ(thcl)bgglglr5e||?/|tg/\e/z gggaefvr;ﬁlgr
nisms by wzmr? the IP Shof khacceleratles pazjﬂcles_;re Oﬁm“és IP sho'ET(X fronts driven by CMEs wére ot;served at the Ulysses
interest, and the spectra of these accelerated particidzeaase .

as a diagnostic tool for acceleration processes actingeifirth angc'?‘rgli g&?jcgg?;t f;'r:gr(‘jeg’ fﬁgi&#;}’;’gﬁ r?uegc%zsr:iesd tba‘:itl?
terplanetary medlum. Both SDA and_ Fermi me_chanlsms p_reda st Ma netosoniclzoshock W);ve (Simnett et al 2005)mgm

a power-law-like energy spectrum with a negative slopeaith 9 - ’ e e :

any narrow spectral structures. However, in the last deadele 3. The first AMI event in association with an IP shock

investigations revealing narrow peaks in ion energy spewwe driven by a CIR was detected with SEFSTEREO-A. The event
been reported: spectrum exhibited a narrow spectral peak at 165 keV with

1. Lutsenko and Kudela (1999) first reported observations 6F/Emax = 0.3 (Klassen et al. 2009).
1, 2 or 3 narrow peak\E/Emax =~ 0.15+0.30) in spectra of up- Monoenergetic electron and ion beams are very common
stream ion events observed close to Earth’s bow-shockl@imiphenomena in the Earth’s aurora region. These particlesrocc
narrow spectral peaks with E/Eay ~ 0.2+0.7) were observed in association with so-called inverted V-structures that ex-
with SEPTSTEREO not only close to the bow-shock but also falained as acceleration in electrostatic potential dropegions
away from the Earth at distances up to 190(Miiller-Mellin ~ of downwargdupward currents (e.g. Paschmann et al. 2002).
et al. 2008a; Klassen et al. 2009). It was suggested thattihe m  In this paper we present observations of a strong AMI event
tiple energy peaks were caused by quasi monoenergetic beaiected with STEREO-B (STB) on 19 October 2009 that is as-
of H*, He** and CNCG>-%* accelerated at the bow-shock or irsociated with the passage of the outskirts of a distant CHe. T
the magnetoshegthagnetopause (Klassen et al. 2009). Theseain diference from previously observed AMI events is its long
ion events have been called "almost monoenergetic ions”IJAMduration (27 minutes), the high intensity of the spectralipa
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comparison to the background spectrum and its detection ver

far away from the Earth (1.03 AU). a
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2. Instruments and data selection

The observations were carried out with the Solar Electrah an |
Proton Telescopes (SEPT) from the Solar Energetic Particle i u' |: r

E (MeV)

o

(SEP) suite of the STEREO IMPACT investigation. SEPT con-
sists of two dual double-ended magffit particle telescopes

Log,q Intensity (cm® s sr MeVv)™

that separate and measure electrons in the energy range 30— 01 i 4 u

400 keV and ions from 60 to 7000 keV (Mer-Mellin et al. o 1800 |‘||I "”f | ‘w”m‘ 2012

2008b). The energy range is divided into 32 logarithmically = Hﬂ I ‘ sl oz

spaced channels with an energy resolutios @D% in the range g L + oo
wn -

<1200 keV where the AMI events were observed.

Anisotropy information on the non-spinning spacecraft is
provided by two separate telescopes: SEPT-E looking in the
ecliptic plane along the Parker spiral magnetic field (.8 4
west of the spacecraft—Sun line) both towards and away fhem t
Sun, and SEPT-NS looking perpendicular to the ecliptic @lan
towards north and south. The dual set-up refers to two adjace

o
o

B (nT)

= 0
sensor apertures for each of the four view directions: ome fo °
protons, one for electrons. The double-ended set-up reféhne —180
detector stack with view cones in two opposite directioms o - i
side (electron side) is covered by a thin foil, the other gjate- s OF 7
ton side) is surrounded by a magnet. The foil leaves therelect oo E
spectrum essentially unchanged but stops protons up toeM0 k 0100 o115 0130 o145 0200 0215 uT

The magnet sweeps away electrons but lets ions pass. The geom
etry factor for each electron and proton telescope is 0.13 sm
and 0.17 cr sr, respectively. The SEPT time resolution is 1
minute and the field of view (FOV) is 32Note that SEPT mea-
sures the total energy of ions, but not its nuclear chargetarsi

is not capable of elemental resolution. Hence, the SEPTirspec
are presented on a total energy scale. Complementary niagnet
field, solar wind data, and EUVI images were used from MAG
(Acuia et al. 2008), PLASTIC (Galvin et al. 2008) and SWEA
(Sauvaud et al. 2008), and the SECCHI-EUVI (Howard et al.
2008) instruments aboard STEREO-B.
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3. Observations

During three years of operation SEPT detected three distlnc

most monoenergetic ion (AMI) events of interplanetary iorig

two of which were associated with the passage of in-situ de-

tected CIR forward shocks (Klassen et al. 2009). The AMI éven

detected on 19 October 2009 and discussed here was not-associ

ated with an in-situ IP shock passage or any solar activity. §
Figure 1 displays in panel (f) the omnidirectional dynamic

energy spectrum from 16 to 22 October 2009. The AMI event

(arrow) occurs at the onset of a weak ion intensity increase “
lasting a few days at energies 300 keV with a spectral in- o NERRINTORTE | [ < I
dex around -3. No electron enhancements in the SEPT energy 6 17 18 19 20 21 Oct 2009

range were detected. In panel (e) the SWEA suprathermal elggy. 1. Panel a, dynamic ion energy spectrum of the AMI event in the
tron pitch-angle distribution shows an enhancement of th@ 2energy range 0.08-2.2 MeV observed with SERarESun telescope
eV electrons after the AMI event. on 2009-10-19. Panel b & e, SWEA suprathermal electron pitch-angle
Panel (d) presents the solar wind speed, the proton dengiigtribution (PAD) at 194 - 314 eV. Panel ¢, IP magnetic field compo-
and the temperature of the plasma during the same time infegDts in spherical coordinatesy |, ¢, andé during the event. Panel d,

val. The time of the AMI event is marked by the vertical line® f, extended time interval from 16 to 22 October 2009. Panel d, solar

. . : . . _wind speed, density and proton temperature variations. The vertical line
E/Id(intzléoltkvr\rl?ss) oserved during a period of slow solar Wmﬁdicates the event time. Panel e, the same as in panel b. Panel f, omni-
a = .

) irectional ion spectrogram showing the AMI event (arrow) in front of
Panel (a) shows on an enlarged time scale the colour-cogegeak particle intensity increase lasting a few days at energies below
dynamic energy spectrum of ions between 80 keV and 2 Me3j0 keV.

The intensity of protons around 200 keV increased and de-
creased abruptly at 0122 and 0149 UT and showed a maximum



A. Klassen et al.: Almost monoenergetic ions

at 235+ 25 keV for the telescope looking in the anti-Sun direc- LSRR BRI D B T BhI 0 0 e TR LR VT
tion. A similar structure was detected in the telescope itk 2 yesar—e FX | serr_oam
towards north (not shown). The two other telescopes lootdng XA0T =y

wards the Sun and south show no increases at all. In addition,

the energy peak was stable for the whole event duration, show
ing no velocity dispersion. The absence of velocity disipers
means that the particle intensity at all energies increasadl-
taneously. Finally, the whole AMI structure and its peakoals
do not show drift to higher or lower energies (in Figure 1djafl
usually occurs if a flux tube filled with particles is convatteer

the spacecraft. Furthermore the AMI event was not accompa-
nied by any electron enhancements at energies between®5-40 1107
keV. On the other hand, an additional population of lower en-

ergy electrons in the energy range of 0.1-2 keV appearedgluri ' E (MeV)
the AMI event. The pitch-angle distribution (PAD) of 194431
eV is shown in Figure 1b. These electrons counter-stream=(PA 1x10% Eosmiey
180) along the magnetic field line (i.e. from the anti-&uorth E ]
direction), while the suprathermal electron strahl frora 8un

is flowing parallel (PA= 0°), pointing out that the spacecraft is

in the away sector.

Panel (c) shows on the same enlarged time scale the magnetic
field magnitude £ 4.5 nT) and its anglesp(and®) in spherical
coordinates. The azimuthal angl®) Glightly rotates before the
event from-20° to —50°, but the latitudinal angledj strongly
rotates from about45° towards+45°. During the event theg)-
angle stays almost stable arounB0°, but @) changes between i H
+45° and+80°.

The solar wind conditions were very quiet during the AMI
event: solar wind speedgy = 280 knys, density~ 5 cnT?, and of
proton temperature T~ 2 x 10* K. Some hours after the event
Tp and Vg increased up te: 1 x 10° K and 340 kiys, respec- [
tively (Figure 1d). These small increases together witmbem of
streaming electrons in spite of slow solar wind speed areand ’
tive of a passage of the outskirts of a distant high-speeal sol
wind stream. I

Evidently the ions, predominantly protons, stream aloreg th -2
IP magnetic field from the anti-Symorth direction and were de- [
tected only in two telescopes looking in these directiortss T -4
agrees with the new counter-streaming electron populaten .
tected by SWEA. The appearence of the AMIs and the suprather- 6 4 2 o o 4 &
mal electrons is correlated with small variations in magrfesid
strength, which occur when thgeangle changes betweed5°
and+80° while the @)-angle stays around50°. Fig. 2. Top, two averaged ion energy spectra obtained at 0125-0133 UT

Figure 2 (top) presents the averaged energy spectra obitaifibe top one, blue) and at 0136-0150 UT (the second one, blue) with
at 0125-0133 UT (first, top spectrum) and at 0136-0150 Uirpeak at 235 keV from SEPANti-Sun and without a peak from the

(second one) showing a strong peak at 235 keV (anti-Sun tepgpositely directed SERSun (black) telescopgs. Middle, time profiles .
’?@35 keV of all four telescopes. The burst is detected from the anti-
il
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scope, blue) and for comparison the spectrum without a p Lo >
. . : un and north directions only. Bottom, the position of STEREO-B (blue
from the opposite direction (Sun telescope, black). BothlA led circle), the nominal Parker spiral and the magnetic field ecliptic

spectra are dlierent in intensity and slightly in FWHM, but the.yco ponent during the event (blue arrow). The Earth and Jupiter posi-
both peak at 235 keV. The spectral shape around the peak is fighs are shown by black diamonds.

atively steep. Indeed, the flanks of the peak can be roughly ap

proximated by a power-law. In this case, the negative sl@se h

ay = -6.1, and the positive @ = +4.7. In comparison the of Table 1 summarizes the main properties of the observed AMI
undfected telescopes (SEFSUN & SEPTsouth) are about -2.5. event.

Time profiles at 235 keV reveal a strong anisotropy with a Figure 2 (bottom) represents the position of STEREO-B
pronounced 250-fold intensity increase from the anti-Snd a(blue) in relation to the Sun and Jupiter. The blue arrow é&ed t
north directions and without any increases in the other &i@t blue line show the STEREO-B ecliptic IMF component during
scopes (Figure 2 (middle panel)). Furthermore, they cordai the event and the nominal Parker spiral according to the sola
sequence of intensity spikes with a duration of 1-2 minuges evind speed of 280 ks as measured during the AMI event,
pecially after 0140 UT. These strong intensity variationald respectively. In this ideal case the spacecraft is well eoted
require a bursty acceleration process or they could be danse to Jupiter with a very long path length of 20 AU. However, no
propagation ffects such as sudden breafksoin the magnetic relativistic electrons were detected, although Jupiter $trong
connection to the source. However, only the intensity spikke source of relativistic electrons. Magnetic connectionotiver
0148 UT was correlated with the small variation in thangle. planets are very poor and are not shown.
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Table 1. Event parameters for almost monoenergetic ions

Peak energy (&x), keV 235+ 25

—FWHM (aE), keV 80

—AE/Eax 0.35

Duration, min 27

Peak intensity,qm’ s sr MeV)™:

—Anti-Sun telescope 770

—North telescope 745

Pre-event intensity at 235 keV 3 Fig.3. STEREO-BEUVI 195 A images on 17 and 19 October 2009

showing a small coronal hole in the northwest quadrant, which could be

responsible for the high-speed stream and the CIR near STEREO-B on
To summarize the observational results: The SEPT instftf October 2009.

ment on board STEREO-B observed on 19 October 2009 an in-

'\t/(\a/gsfillj?qrégtgz?tmg AMI event during slow solar wind corafig. up to 0.6 AU from Jupiter only (e.g. Krimigis, 1992) and they
were never detected at the Earth’s orbit. Note that in oue cas

1. the energy spectrum contains a narrow pea.aj = 235 the propagation path Jupiter-STEREO-B was 20 AU. The spiky
keV with a FWHM of AE = 80 keV andAE/Emy = 0.35. time profile of the AMI event and its occurrence when the mag-
No velocity dispersion was observed throughout the eventnetic fieldé component turns towards the north and the absence

2. the event duration was 27 minutes and the time profiles shfwelativistic electrons also contradict a Jovian origin.
strong intensity variations Therefore we suggest that a distant high-speed solar wind

3. the anisotropic ions stream along the IP magnetic fielah frostream and an associated @Rock occurring northwards and
the anti-Suynorth direction and were detected only in correfarther away from the spacecraft could be responsible fer th
sponding telescopes in agreement with an appearing ceungcelerated ions. This suggestion is supported by thewello
streaming suprathermal electron population of 0.1-2 keV ing observations. Firstly, a few hours after the AMI everd th

4. the spectral index around the spectral peak is very stgep:STEREO-B spacecraft entered a region with slightly enhdnce
to +4.7 and -6.8 for the positive and negative slope, respegglar wind speed\{sy) and proton temperaturg, as observed
tively. That is very diferent compared with usual CIR specwith PLASTIG/STB. The V) increased from 280 to 340 km
tra, which are flat at low energies with ~ -1.5 ... -3 (e.g. andT,from 2:10% K to 1.10° K (Figure 1d). Furthermore a CIR-
Gomez-Herrero et al., 2009) like ion intensity increase in the range300 keV is observed

5. there was no associated solar activity and the spaceeaaft after the AMI event as described in Sect. 3 (Fig. 1f). The ap-
not magnetically connected with the Earth’s magnetosphd¥earence of counter-streaming suprathermal electroosgiyr
(Figure 2). Furthermore, the ions arrived at STB from thgupports the idea of its origin in conjunction with a CIR, asw
anti-Earth and anti-Sun direction, implying that neithee t observed by Lavraud et al. (2010). These low-energy elestro
Sun nor the Earth were the sources of the AMI event. ~ may be accelerated/and reflected at the CIR.

6. Although in an ideal case, according to the instantansous ~ Secondly, Figure 3 shows EUVI images on 17 and 19
lar wind speed, the Parker spiral connected STEREO-B wi@ctober 2009, revealing a small coronal hole in the Sun’thror
Jupiter, the lack of relativistic Jovian electrons meara thwest quadrant, which could be an appropriate source of gie hi
Jupiter was likely not the source of the AMI event. speed stream and associated SHock near to STEREO-B on

19 October. The coronal hole was relatively small with sharp

_ _ contours. Therefore it could be expected that the outflowing

4. Discussion high-speed stream and the CIR was narrow and only the otgtskir

of the streanfCIR were convected over the spacecraft, followed
by a small increase of solar wind speed.

Generally, there are three possible sources for energmii | Thirdly, a few previously observed short AMI events were

solar activity, Earth’s magnetosphere, and CIRs. The smifiv- detected in association with CIRs and passage of CIR forward

ity could be excluded as a source because no flares, CMEssbocks, e.g. Klassen et al., 2009.

type Il radio bursts indicating solar acceleration pr@esswere Based on all these facts we suggest that the AMI event and
observed during or some hours before the event. This was #e following ion intensity increase originated and wereehc
certained by inspection of SWAVES radio spectrograms, EUMWrated at a distant CJBhock, the outskirts of which swept over

COR-1,2 and Heliospheric Imager data at STEREO, and by 8FEREO-B some hours later. During the event the spacecraft

ing other space- and ground-based resources. STEREO-B esgerienced a remote magnetic connection to the/sbidtk

1.03 AU away and magnetically not connected with the Eartbcated farther away and to the north from the spacecraft. A

(Figure 2 bottom). Furthermore the ions were encountei@d fr possible configuration of STB position with respect to the-pr

the anti-Sun and anti-Earth direction. Therefore, the Suhthe sumed CIR and CIR shock is presented in Figure 4. A magnetic

Earth’'s magnetosphere are not the source of the observat evBiux tube convected over the spacecraft is connecting wigh th
Although STEREO-B was apparently magnetically cor€IR/shock and is filled with nearly scatter-free ions streaming

nected to Jupiter, it is unlikely that the AMI really origteal along the IP magnetic field from the CIR towards STB. The

there, because the Parker spiral is not only drawn by thiamrs sketch gives an idea why the particles streaming from arttista
taneous 280 kys solar wind plasma parcel as observed in-siitource were detected only in telescopes looking towards ant
during the event. If we take an average speed- @00 km's Sun and north during times when the flux tube is convected over
as measured for a few days before the event, the connectiorthie STB.

Jupiter is totally lost. Additionally the remotest ion bisrof The Heliospheric Imager (H8TA) did not detect any den-

Jovian origin observed in the past were detected at distanedéy structures like a CIR or CME close to STB. Very probably

4.1. Possible source of AMI event
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In this case the acceleration of monoenergetic ions occar in
large-scale potential electrostatic fielg,. This Egy acceler-
ates all species of plasma ions to the same energy=&iyk-

D - Q, were D= source size, @ ion charge. Consequently,
this kind of acceleration naturally explains the narrovenagithe
observed AMI energy pealkaE/Enax = 0.35) and thus the very
steep spectral shape at both sides of the peak maximuwm (o0

North

stream

STB/SUﬂ///,;;, _ +4.7 and -6.8). Additionally, it explains the lack of highezgy
‘S”" Elux tube Solara;tf’;gr> electrons. Indeed, B4 in the source is parallel to the magnetic
a field B, the electrons should be accelerated in the opposite direc-
ste (@) North () tion than ions. IfE 4. is perpendicular t®, the electrons will be
V\Shock SunantiSum swept out of the source because of their much smaller gyiforad
< South and because of thEgy x B drift. In this case the gyroradius
3 Isolar equatorial plan STB telescopes of ions (electrons) should be greater (smaller) than thecgou

size (D). Typical gyroradius values of ions and electronthin
Fig. 4. Schematic diagram of the STEREO-B position with respect &1 — 1.0 MeV range are about 10000 km and 100 km, respec-
the supposed CIRIR shock. The magnetic flux tube is convected ovdively. Consequently the source size could be in the sanmgeran
STB and is filled with nearly scatter-free ions streaming along the maginally, this model predicts the acceleration of all ion@ps to
netic field from the CIR towards STB. The ions are only detected the same energy. The lack of other spectral peaks, e.g. of, He
two telescopes looking _towz_irds a_nti-_Sun and north. Inserts: (_a) Parigfich should appear around 470 keV, at twice the energy com-
spirals and the CIR region in projection on the solar equatorial plar}%red with protons, is not wholly clear. Possibly it is caliby
(b) fields of view of all four SEPT telescopes. the low solar wind H&* abundance in this time. Indeed, during
solar cycle minima and the times of low solar wind speed the
o ) ratio of He™ to protons is strongly decreased to 1% (e.g. Aellig
the expected CIR was not visible by HI owing to the large sept a|., 2001). Thus the expectedHentensity would be compa-
aration angle of 1Z1between STA and STB, i.e. STB was Sigraple with the background level. Moreover, it would be hidde
nificantly behind the Thomson surface (the surface of mawimuoy the flank of the AMI proton peak.
scatter). Additionally, the expected structure was partigulted The acceleration of monoenergetic ions through an electro-
by a CME propagating in the STBarth direction (Ch. Davis & static field more adequately explains the main feature of &MI
J. Davies, private communication). compared with other mechanisms, namely the narrownesg of th
energy peak. One important question is still open: how aseh
electrostatic fields generated and maintained in integtéagn
sources in general and in CIRs in particular? To understaisd t
Observations of narrow spectral features in ion spectracass we need more observational events, especially when thespac
ated with IP shocks are relatively rare, but not unique (®itnn craft crosses the acceleration source.
et al. 2005; Klassen et al. 2009 ). For instance, during theees
of the STEREO mission we detected only three of these evendS.~onclusion
One of them is described in Klassen et al. (2009). Mechanisms
responsible for AMI generation are not yet really underdtoo We presented observations of a long-lasting, almost mareen
Principally there are only three main mechanisms that agetic ion event whose energy spectrum contains a strongwarr
able to explain energy spectra containing features like-maspectral peak at 235 keV with a width af/Ey,x=0.35. The
ima. Firstly, the shock drift mechanism (SDA). Under somevent occurred during slow solar wind speed, a few hoursreefo
specific conditions the mechanism predicts a broad maximwmweak CIR ion increase in conjunction with counter-stregmi
around 100 keV in ion energy spectra (e.g. Figures 4,5 guprathermal electrons. The anisotropic monoenergesiaze-
Decker & Vlahos, 1986, and references therein). But theaasth rived at the STEREO-B spacecraft from the anti-Sun and anti-
note that ” ...the upstream spectrum folds over smoothly wiEarth direction, excluding the Sun and the Earth as the sourc
decreasing energy...”. Therefore the predicted width efsiirec- for the almost monoenergetic ions.
tral maximum AE/Enax > 1) is too broad to explain the detected  We suggest that the monoenergetic ions, predominantly pro-
narrow energy peak withE/Eq,x > 0.35. tons, were accelerated by an electrostatic field to enepy®s
Secondly, the V,xB acceleration (surfatron) procesgportional to their charge at a distant CIR or CIR shock. Other
(Sagdeev & Shapiro, 1973; Ohsawa & Sakai, 1987). Hége mechanisms such as shock drift acceleration or the sunfatm
is the wave phase velociti, the magnetic field. For a shock, cess may also be responsible for the spectrum with a maximum,
is just the shock velocity with respect to the upstream péasrhut apparently they are unable to explain the narrownesseof t
(Decker, 1988). It was shown that quasi-perpendicular lshoaletected spectral peak.
accelerate trapped ions in the direction parallel to theewent Acknowledgements. The authors thank Ch. Davis & J. Davies for providing the

with a peak in energy diStribUtion- Simn?tt etal (2005)':1@'@ HI data and discussing CIR structures. Andrea Opitz ackedgés discussions
that the surfatron mechanism can explain spectral maxirtta wivith B. Lavraud, N. Andre, B. Lembege, and Z. Yang. The autftbasik two

AE/Emax > 1 as observed at the Ulysses and ACE spacecrafpnymous referees for their comments and suggestions. ThRESJEEPT
: . - : roject is supported under grant 50 OC 0902 by the German Bumidésterium
du“r.]g pas;ages .Of shock fronts. Again, the predicted Es’jeCf'L]rWirtschaft through the Deutsches Zentruim fuft- und Raumfahrt (DLR).
maximum is considerably broader than the observed one.
Thirdly, since the discussed spectrum is very alike the AMI
events observed in the vicinity to the Earth’s magnetospivee References
suggest that the mechanism could be the same as the one RéGha, M. N., Curtis, D., Scheifele, J. L., et al. 2008, Space Bei., 136, 203,
posed by Lutsenko & Kudela (1999) for magnetospheric AMIS. doi: 10.1007511214-007-9259-2

4.2. Acceleration mechanisms



A. Klassen et al.: Almost monoenergetic ions

Aellig, M. R., Lazarus, A. J., and Steinberg J. T. 2001, Inaa@nd Galactic
composition, ed. by R. F. Wimmer-Schweingruber, p. 89

Anagnostopoulos, G. C., Paschalidis, N., and Littas, N02@hn. Geophys.,
18, 28

Anderson, K. A. 1981, J. Geophys. Res., 86, 4445

Burgess, D. 2007, in Lect. Notes in Phys., Berlin Springetadg Vol. 725, eds
K.-L. Klein and A.L. MacKinnon, 161

Galvin, A. B, Kistler, L. M., Popecki, et al. 2008, Space.$ev., 136, 437, doi:
10.1007s11214-007-9296-x

Gomez-Herrero, R., Klassen, A., Mer-Mellin, R., et al. 2009, J. Geophys.
Res., 114, A05101, doi: 10.102908JA013755

Howard, R. A., Moses, J. D., Vourlidas, A., et al. 2008, SpaceRev., 136, 67,
doi: 10.10075s11214-008-9341-4

Decker, R. B. & Vlahos, L. 1986, J. Geophys. Res., 91, 13349

Decker, R. B. 1988, Space Sci. Rev., 48, 195

Desai, M. |, Burgess, D. 2008, J. Geophys. Res., 113, AOQB{S:
10.10292008JA013219

Klassen, A., @Gmez-Herrero,R., Miler-Mellin, R., et al. 2009, Ann. Geophys.,
27,2077

Krimigis, S. M. 1992, Space Sci. Rev., 59, 167

Lavraud, B., Opitz, A., Gosling, J. T., et al. 2010, Ann. Glegg, 28, 233, doi:
10.5194angeo-28-233-2010

Lutsenko, V. N., and Kudela, K. 1999, Geophys. Res. Lett.428

Muller-Mellin, R., Gbmez-Herrero, R., 8tcher, S., et al. 2008a, Proc. of the
30th ICRC, Mexico, 2008, Vol. 1, 371

Mdller-Mellin, R., Bottcher, S., Falenski, J., et al. 2008b, Space Sci. Rev,, 136
363, doi: 10.100/511214-007-9204-4

Ohsawa, Y., and Sakai, J.-. 1987, ApJ, 313, 440

Paschmann, G., Haaland, S., and Treumann, R. eds. 2002, Apitasma
physics, Space Sci. Rev., 103, Chapter 7

Sagdeev, R.Z., and Shapiro, V.D. 1973, JETP Lett., 17, 279

Sauvaud, J.-A., Larson, D., Aoustin, C., et al. 2008, SpateR&v., 136, 227,
doi: 10.1007s11214-007-9174-6

Scholer, M., Hovestadt, D., Ipavich, F. M., and Gloeckler1G81, J. Geophys.
Res., 86, 9040

Simnett, G.M. 2003, Sol. Phys., 213, 387

Simnett, G. M., Sakai, J.-I., and Forsyth, R. J. 2005, A&A, 4789



